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FOREWORD

ENGINE AND AIRPLANE PERFORMANCE DATA

The engine and airplane performance provided in the main body

of this document is based on engine performance data received prior to

15 July 1966.

The RFP provides for firm technical gnne data to be submitted

on 8 August 1966. The predicted effect of this data is of interest to

the readers of this docurment. Accordingly, an addendum summarizing

the effect of the 8 August 1966 engine performance on the B-2707 SST

has been inserted into the following documents:

V2-B2707-3 Aerodynamic Design Report

V2-B2707-12 Propulsion Report - Part A

V4-B2707-1 Operational Suitability Report

V4-B2707-4 Airport and Community Noise Program

The performance information contained in the Summary document,

the Model Specification, and the Statemeut of Work is based upon the

8 August 1960 firm technical data.

V4-B2707-1
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3 1.0 INTRODUCTION

Operational Suitability, the first in a series of group, doenments V4-B2707-Th through V4-
19 system integration documents, is prepared in 112707-20, consi.93t of the Product Assurar~ce

* response to Sec. 5 f' ~he Request fo- Prcposal Plails: Quality Assurance, MaintRinability,
for Phase III of the Su~jsonic Transport Reliability, Value Engineering, Standardization,IDevelopment Program. ~This document presents Product Support and Quality Control.
the R- O"mission flexibility, eni~lronment inte-
gration reports, airport suitability summaries,
and the operational integration plan for integrat- The sutability of the B-2707 design to meet, and
ing the fr--2F7iV"airplane and support equipment Li many instances exceed, its operatonal require-

into airline sevc.Kýments is Substantiated i- ~he reports of Phase II
studies and tests included herein.IFigure 1-1 shows the relationship of this docu-

ment to the other substantiating data which make
up Vol. WV, System Integration. The other six The sections following this introduction are
operations documents include study and test arraniged to matcn the outline in the RFP and areV reports concerning sonic boom, :ioise, safety, applicable to both the intercontinental and domes-
training, and human engineering. The test and tic oper.ition of tie B-2707. Detail airport comn-
simulation plans are contained in Documents patibility studies are limited to 15 designated

V4-B2707-lC Lnrough V4-B2707-14. The third domestic airports.
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The B-2707 (Fig. 1-2) 1i designed to carry a pay- The following characteristics provide excellent
load of 277 passengers approximately 4,400 landing capabilities:
statute miles at Mach 2.7 (3,819 nmi for GE and
3,738 nml for P&WA), The B-2707 is compar- e The wing sweep capability of 30 degrees and
able to, or wexeds the performance of, existing flaps 20/40-degrees down provide low landing
subsonic Jets in takeoff and landing. Pertinent speeds k44 kn), speed-thrust stability and
takeoff and land!ng characteristics are shown in low community noise levels (at 1 mi out
Table 1-A. Because engine thrust is sized for 111 PNdb for GE, and 115 PNdb for P&WA.
transonic acceleration, the takeoff and climbout
performance is exceptionally good. At 675, 000 . Forebody in the down position along with the
lb, the B-2707 FAR field length is 7,000 ft (GE) low flight deck attitudeprovides visibility
and 7,300 ft (P&WA). The B-2707 movable wing better than current jets.
• the high thrust permits a wide selectioi. of
subsonic and supersonic speed schedules to . Engine acceleration characteristics are
satisfy the many different route structures and excellent, providing rapid thrust response
local considerations for noise abatement and during approach and reverse thrust opera-
sonic bcom. Using noise abatement procedures, tion on the ground.
noise is reduced from 128 PNdb to 100 PNdb
(GE) and 105 PNdb (P&WA) in communities below * The high reverse thrust provides excellent

ithe airplane path at takeoff. stopping capability under adverse runw~ay
conditions.

The takeoff and climb procedures are generally
similar to c-trent subsonic jets. Wing sweep Landing the B-2707 with wings swept aft (72 de-
management is an additional crew function; how- grees) is similar to landing a subsonic jet with
ever, the engine operation requires significantly flaps retracted. The approach speed is 205 kn
less management. Crew workload is comparable and the landing distance over a 50-ft obstacle is
to current subsonic jet airplanes. This is accom- 6,000 ft when utilizing 4 engines in reverse
plished by simplifying flight deck instrumentation thrust in a standard-day wet runway.
and automating functions normally accomplished

manually so that the crew can foci.s more atten- Sonic boom overpressure restrictions may have a
tion on the man'iai tasks of flying the airpvane. significant influence on the operational profile of

the B-27V7. The trade between rage and allow-
For routes or legs where it is necessary to fly able sonic boom overpressure for the B-2707 is
suboonical!y, the forward-wing position of the shown in Fig. 2-25 for three gross weights. These
B-2707 offers a considerable economic advantage data are based on an all-supersonic mission; how-
over the wings aft configuration. As shown in ever, a subsonic leg prior to climb can be used
Table 1-B. the B-2707 ckn be operated s9,'icr-i- to decrease the sonic boom overpressure at a
cally at 42-degree sweep with no appreciable given takeoff weight. Consequently, it is believed
range penalty using the P&WA engine. Minor that the B-2707 has versatility to provide excel-
range loss occurs with use of the GE engine. lent domentic operational capability. For short-
Conequently, it is believed that the B-2707 is range fli1 hts, the B-2707 will perform an all-
2ompatible Aith the domestic as well as inter- supersonic mission with a 2-psf overpressure. j
continental operations on a 24-hour-a-day basis. A substantial increase in range is available w"

a small Increase in overpressure to 2. 1 or 2.2
Normal descent Is comiarable to present-day psfo For long-rainge flights, the B-2707 is oper-
practice avd the airplane has the capability of ated suisonicallv over the first portion of a
holding at lower altltauds subsonicaily without domestic route followed by a climb at 2 --Psf
undue fuel pena.itv. overpressuLe.

Fuel management procedures wonot call for any The B-2707, -vith its wings su-pt 72' degrees,
fuel transler to keep within center-,f-giavitv has all the supersonic cruise advamages of Lhe
limits for normal o,- -rations as well as for un- deli ;,Alnform. The 72-degree winc. sw-eep is
scheduled steed re, .ctions or descent.
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I Table I-A. Takeoff and Landing Choracteristics

Model B-2707 (GE) B-2707 (P&WA) B-707-320

Takeoff weight, lb 675,000 675,000 334,000

I Landing weight, lb 384,000 378,009 215,000

FAR takeoff field length, ft 7,000 7,300 11,050

Takeoff speed (laioff), kn 169 169 165

Takeoff noise, PNdb, at
3 mi from brake release 100 105 120

Approach speed, kn 133 131 137

II Landing approach noise,PNdb at 1 mi from |

threshoid 108 ill 122FARl landing field •

length, ft 6,280 6,220 6,060

[j Approach speed, kn 144 143 -

Landing approach
noise, PNdb at I mi
from threshold 111 115

FAR landing field[ I iegth ft 6,900 6,850 -

Engine acceleration
response time, seconds
(idle to 35 percent dry
power) 4 6 7

significant in its capabiltv to penetrate turbu- Ozone concentrations are reduced to within the
lence without undue discomfort for the passen- tolerable level of 0. 2 ppm (by volume). Ozone
gers. Unlike the B-70, which has ca-'ard sur- reduction is accomplished by the combinedS faces, the B-2707 exhibits small acceleration effects of the high initial temperatures of the
from gusts. This favorable response is largely intake air and the catalytic action of nickel plating
attributed to the wing sweep of 72 degrees, the in the environmental control equipment.
flexibility of the fuselage structure, and the
higher wing loading made possible by the variable- Solar radiation is filtered to a tolerable level
sweep concept. In addition, cruising at 60, 000 to largely by the atmospheie above the B-2707
70, 000 ft greatly reduces the average intensity cruise altitudes with additional filtering accom-
and frequency of turbulence encounters when plished by the airframe. The dosage from the
compared to current airline jets operating at current level of radioactive particles is negligiblealtitudes of 35, 000 ft. because of the inherent filtering action of the air-

conditioning system.

V4-B2707-1
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Table 1-B. Change. in Total Range Capability

Mission Description B-2707 (GE) B-2707 (P&WA)

Total mission supersonic 3,819 nmi 3,738 nmi

400 nmi subsonic leg at beginning
of mission -63 umi No loss

400 nmi subsonic leg at end of
mission -104 nmi - 40 nmi

Total mission subsonic -533 nmi +132 nmi

A passenger cabin window blowout (33. 2 sq in.) at refeences at all times during worldwide opera-
70,000 ft is not catastrophic because the cabin tions. The airplane is also equipped with an
pressure altitude is maintained within safe limits, automatic landing system to permit operations at
With three of four air conditioning packs operating, airports with visibility as low as 700 ft. The
the cabin pressure is held to 7,000-ft altitude other basic communication/navigation equipments
pressure. are the VHF, Omni-Range system (VORTAC), an

ATC transponder, HF radio, LORHN (optional),
The B-2707 is compatible with the National ILS, weather radar, ADF, radio altimeter, inter-
Airspace System, with consideration for the pro- phone system, and public address system
jected improvements. The inertial navigation (Figs. 1-3 and 1-4).
subsystem (INS) enables the B-2707 to fly on- U
course or on parallel courses in order to lessen Safety has been emphasized in the design of the

* sonic boom exposure. The self-sufficiency of the B-2707 to achieve safety levels in excess of cur-
INS provides the captain with positive navigation rent standards. The design considerations for U

U
owl†† †††† Ii SWIN

Figure 1-3. Caomm/Nay Equipment Used in Terminal Figure I-4. Caomm/Nay Equipment Used During Cruise •

Area OperationU

SV4-B2707 -1
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3Table 1-C. Ground Heading and Support

B-2707 B-707-320
min min

Turnaround time 30 90

Enroute time 20 30

Cleaning (turnaround) 14 26

3 Cargo handling (load) 12 6

Cargo handling (unload)t 11 7

I Cargo handling (load-enroute) 6 4

Cargo handling (enroute unload) 6 5

Enroute fueling 16 16

Turnaround fueling 23 18

Ground engine starting 2 2

fj safety are discussed in the System Engineering Maintainability of the B-2707 will be comparable
Report, V2-B2707-1, and the proposed safety to current jets. The maintenance concept is
program during Phase EII is presented in the built around experience gained on the current
System Safety Plan, V4-B2707-6. 707/720/727 series and places more emphazisU on subsystem self-test capability.
Although the B-2707 performance is significantly

- different from current suLsonic jets, the basic The overall compatibility of the B-2707 with cur-
ground handling and servicing procedures and rent and planned airports is excellent. Con-
equipment are similar. Ground operations have tinuing improvements and expansion programs at
been reduced by careful consideration of the hand- the world's airports to keep pace with air traffic
Sling and servicing features of the airplane growth will provide an airport network into which
(Table 1-C). Significant improvement over cur- the B-2707 can be introduced without significant
rent operation is provided by the airborne inte- need for major investments. The landing gear
grated data system (optional equipment), which loads are distributed through a four-wheel four-[ reduces investigation time and provides ground truck system. At 675,000 lb, the B-2707 re-
crews Mith specific advance information on inop- quires a pavement depth very similar to that
erative units. (Refer to Par. 3. 7 of this document required by existing heavy jet airplanes, such
for details.) as the DC-8-55. Consequently, the B-2707 is

------- •. gencrr2ly 'o tibe with existing runways. This
The forward door sill height is compatible with subject is treated in greater detail in Sec. 4.0
existing passenger handling equipment. Using (Airport Suitability Report).
only the two forward doors, 277 passengers can

deplane in 8 minutes; the 707/DC-8 unloadR 1:19 Tringition training for pilots is minimized by
passengers in 5 minutes. For faster loading and B-2707 similarities to current subsonic jets in
unloading, the aft doors can be used, but such use takeoff and landing and handling qualities. Ground
requires modified ground equipment to bridge crew trair Ing is req'!ired although many of the
over the wing/stabilizer structures. subsystems ars similar to thcse of existirg jets,

V4-B2707-1
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an maIniaib lity has been improved. Current and cruise. The overall sound pressure and the
flight crew training techniques and methods, speech interference levels predicted for each of
which have recently been updated to place in- these flight conditions do not exceed the design I
croesed emphasis on simulators, have been criteria and are lower than the noise levels
adopted and improved for the B-2707 (Training occurring during similar type operations with
"and Training Equipment Program, V4-B2707-7). current subsonic jets. 3
Noise suppression equipment, a high-span wing During succeeding program phases, actions are
to reduce thrust requirements, and tailoring of planned to demonstrate satisfactory integration of
operational procedures have been employed to the B-2707 into its complete operating environ-
afinlmize noise levels at airports and neighboring ment. Section 5.0 (Operational Integration Pro-
communities throughout the takeoff and low alti- gram) identifies the necessary activities leading
tude flight regime. (See Par. 2.5.2 of this docu- to an operational airplane. These are in terms
ment and the Airport and Community Noise Pro- of its mission flexibility, environment integration, I
gram, V4-B2707-4 for details.) noise, sonic boom, safety, and human engineer-

N e u a r p ning considerations. The ground handling and
Noise levels during taxi and ramp operations are support and training programs detailed in other'
comparable to present-day subsonic jets. Main- sections of the proposal are summarized as they 1
tenance run up at high powers may require ground are germane to supporting the operational inte-
suppressors. Current technology can provide gration of the airplane. Study of the airports and
adequate ground run up suppressors to achieve operational facilities will continue well into the 5
the required noise reduction, program in order to provide the basis for modi-

fications and new construction in time to meet the
The three most noise-critical periods of flight ior operational needs of the B-2707.
cabin noise are takeoff, transonic acceleration,

X 3I
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1 2.0 MISSION FLEXIBILITY

2.1 INTRODUCTION If the payload distribution is markedly differentI The B-2707 is adaptable to the wile variety of from that expected at the time of refueling, trans-
airline operational conditions presently encotm- fer of fuel between the forward and aft auxiliary
tered, as well as those envisioned for the next tanks may be performed to improve the airplane's
d ecade. This section describes the normal and tim drag characteristics. The time required for
off-design operation of the airplane and the ab- the maximum possible auxiliary fuel tank transfer
normal and emergency conditions. The capability on the ground or in flight Is approximately 10 min-
of the airplane to operate efficiently over domes- utes. For lower payloads and training flights,
tic routes with lower sonic boom overpressures, restricted seating and/or ballast may be required.
as well as over the intercontinental routes is A water ballast tank located in a pressurized com-
discussed. The flight crew equipment and pro- partment forward of the nose gear as provided for
cedures are developed from careful analysis, flexible cg control.P close liaison with F-12 and B-70 flight crews, and
simulator studies of various segments of the flight The amount of fuel to be loaded is based on range.
profile. Airline flight crews are being contin- The fuel loading chart specifies the fuel quantity
uously consulted in order to ensure compatibility to be loaded in each tank (Figure 2-2).
of the ground handling and flight characteristics of
the airplane with the airline flight crews and oper- Another aspect of flight planning is the departure
ational environment. Certain instrumentation, con- routing and ground track during transonic accel-
trols, and visibility features are described. eration. The sonic boom effects over populated

areas can be minim'Ized by varying the ground
The B-2707 mission flexibility and performance track during transonic acceleration by departing
described in this document is based on the over sparsely populated areas. In addition, theg General Electric engine. Where a significant efficient subsonic capability of the B-2707 can be
difference in the airplanes performance results used to eliminate sonic boom effects on critical
from the use of the Pratt and Whitney engine, areas. Subsonic performance data is shown in
that difference is discussed. The B-2707 per- Pars. 2.6. 2 and 2. 6. 3.
formance data using these engines is contained in
Airplane Performance, V2-B2707-4 (GE), and The navigation enroute is relatively simple in that
Airplane Performance, V2-B2707-5 (P&WA). the largest portion of the flight will be a straight

line with a minimum of heading changes. The
The passenger and cargo compartments are inertial navigation system provides flexibility such
structured to permit significant flexibility in as parallel tracking, multiple departure and arri-
configuration. This flexibility consideration is va] "canned" routing.
discussed in Airframe Design Report, Part B,
V2-B2707-4-2. 2.3 TAXI

The maximum taxi gross weight is 675,000 lb.
2.2 FLIGHT PLANNING The taxiing technique is similar to that used for
A major item in planning a flight is the fuel re- large subsonic jet transports. Steering is accom-
quirements. The total fuel required is affected plished with hand wheels located outlx",rd of both
significa..dy by smail variations in air tempera- pilots. Nose-wheel steering of +5 deg is obtain-

. ture. Paragraph 2. 6. 1 discusses this effect and ahle with the rudder pedals for use primarily
provides fuel requirements for specific flights, during takeoff and landing.
A pre-computed fuel usage schedule ("how goes
it") will he used by the flight crew to compare 2. 3.1 Steerlr4 Capability and Limits[ with the actual fuel consumed. Figure 2-1 shows The minimum turning radius of the airplane occurs

tefuel tank a-rrangement and tank -"pcities. at 76 deg nose-gear steering. At this antie the
For normal operations a single fuel loading pro- nose gear sweeps an arc of 119 ft radius ano the
cedure will maintain the airplane cg within limits, nose, an arc of 199 ft. A '80-deg turn can be

V4-B27 07-io9



I
made on a 200-ft-wide runway with the main and front of the airplane ab compared to 51 ft for
no@* gear having at least 20 ft of pavement edge subsonic jets. 3
margin.

Closed circuit i-levision may be used to assist
The loner wheel base has beein analyzed as to the pilot in ground maneuvering. By use of this
airport ramp, taxiway, and runway compatibility system, the pilot can monitor the tracking and I
at oertain existing international airports. It has clearances of the landing gears. The need and

bow established that the airplane can be mmneu- effectiveness of this system will he demonstrated
vered safely on these facilities. (See Sec. 4.0.) on the prototype airplane. A similar type tele-

vision system has been flight tested by the corn- I
2.3.2 Pilots Position with Reference to Landing pany on a 707-320 and found to .he practical for

Gear and Height Above Ruuway ground operations. Figure 2-3 illustrates such
The pilots are located 185 ft ahead of the aft main an application of TV.
landing gear, 54 ft ahead of the nobe gear, and
18 ft abo-e the runway. The corresponding dis- Pilot visibility is aiscussed in Par. 2. 11.
tances on a 707-300 series airplane are 70 ft
ahead of the rain landing gear, 11 ft ahead of the 2.3.3 Taxi Thrust I
nose gear and 14 ft above the runway. The idle thrust for taxiing on current fan jet

transports results in frequent braking, expecially
The normal taxi configuration will be with the at mediumn and light weights, to maintain safe
forebody full-down and wing-sweep position set taxi speeds. A low idle thrust setting has been g
at 30 deg. In this configuration the pilots will incorporated on the B-2707 to reduce the thrust

see both wlngtips ani can see the ground 43 ft in and fuel flow during taxi and ground hold opera-
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Figure 2-3. Tlvised View of B-2"07 Loading Gear

tions. The engine acceleration characteristics rollin b ae of nrocnc re.s ntkofdsac sn h

ar godwih ppoImately 4 seconds (GE) from rolling taeofiroedre

adle too d 95peceth mapp rox r thrust. The low 2.4. 1. 1 No Co mmnfl fity orAip r No e

idle th 5 pruent sett ingm fo r y g o n op ration ttt sea R estriction Ie g t t k of n n t a

ilev t r s elt n o g o n p Typical m axim um gross e g tt k of n n ta

lvlis 1, 530 lb Per engine. climb profiles are shown in Figs. 2 -4 and 2-5.

2.4 TAKEOFF 
These profiles are based on the use of maximum

Th -tkoff performance of the B-27 0 7 is con- augmented thrust.

sTdetabk ue ro tota fcrent subsonic Jet

tran s upers.Teioprtovedaperformac sdet The flaP setting for the maximum gross we~fg ht

the thrust requirement for transonic acceleration takdegoff is2/0dg 2 nmanfaxn

rahe tantaeof.The rotation rates, liftoff 40d o uiiryouater wigfap af roftation

spteeds tand ptchattiudear similar to those of flap). The airplane is ic rotatedsa a rotationf

cur nt petc t ansottitThes maximu igtspeed (VR) schedule whihpodsalftf
spee s , j e tra sp o ts T h m ax m u m inf ghtat an attitude of 10 deg w ith an average Pull

goswight (flaps up), is 666, 000 lb. force of 15 lb.. Rotation IS initiated at'a calibrated

2..r o rsa Taefwrceue n T c nq e spee-d of 14B loniots (1. 12 Vmcg ) with liftoff Occur-

The t.1 N r a akeoff procedures oul ne d inethenolo i qginute6 kos for the m a.xi mfum gross weight

lo in in t1 9k osG on

Ve-- ff prcdrsotineur te 2-3, Thied takewoff at70 mandimum G augetdrl

s hetio sa re similar to current practice .i 4,0 f. TheFA takeof-tm xm m ag etdtrs. G on
etaeons thru my be set prior to brake release roll distance to liftoff d40t.nTe u AR tae

ton the eh arl o har There off distance is 7,000 ft. Ample rudder control is

are durig wthe earoiately pat o ns () takeoff p
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Figure 2-4. B-2707 (GE) Takeoff Profile Figu~re 2-5. 8-2707 (PSWA) Takeoff Profile

available for crosswind takeoffs. For the condi- three mile point to 18,500 lb per engine. This
tions of maximum augmented thrust, 675, 000 lb results in a community noise level of 100 PNdb;
gross weight and normal rotation speeds, the air- the present FAA limit is 105 PNdb. The flighnt
plane can be held at zero yaw in a crosswind of profile and the associated noise contours are
24 knots. For one engine inoperative, a zero yaw shown in Fig. 2-6 through 2-9. The rapid climb
condition can be held in a 10-knot crosswind. rate achieved after liftoff results in low noise

levels beyond the three mile point, usingn'oise
Gear retraction is initiated after a positive rate of abatement procedures.
climb is attained. The takeoff flare ic' completed
at 186 knots and 250-ft altitude in a steady-state A summary of the community noise levels versus
climb of 2, 800 fpm. At the end of the takeoff FAR field length and thrust setting is shown in
segment, the wing flaps will be retrticted and the Figs. 2-10 and 2-11.
wings will be swept to 42 deg. A summary of
takeoff performance parameters for two gross 2. 4, 2 Takeoff Field Lengths
weights are tabulated in Tables 2-A and 2-B. T,,r Y!AR takeoff field lengths for the -1-2707 are

cnrizdderably shorter than those of current corn-
2.4. 1. 2 Community Noise Abatement Restriction mercial jet transports (Fig. 2-12). At a taxi
At those airports where there are community gross weight of 675, 000 lb, the standard day take-
noise abatement policies in effect, the typical off field length -.s 7, 000 ft using maxlmurn aug-
takeoff procedure modifies the initial climb by mented thrust; at 860 F, the FAR takeoff field
m aking a smooth power reduction three miles length !s 8, 300 ft.
from brake release. The thrust Is reduced at the

V4-B2707-1
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Table 2-A. Takeoff Performance Summary - 8-2707 (GE) 3
FIELD CONDITI3NS AIRPLANE CONDITIONS

Standard day Wing sweep = 30 Degrees I
Sea level Flaps = 20/40 Degrees
Dry runway Four engines operating
Zero wind, zero runway slope

Maximum Alternate
Gross Weight Gross Weight

Taxi gross weight (lb) 675,000 575,000

Thrust setting for takeoff Max augmented Max dry

T/W at liftoff 0.342 0.311

Aiirport noise (1, 500 ft perpendicular
to airpiane path) (PNdb) 121 117

Takeoff criteria speeds V1 141 132
(knotd, CAS) 1 141

V R 148 139
VLOF 169 156 I
V3 5  183 167

Distances: Brake release to 35 ft 6,050 5,800
(ft) FAR field length 7,000 6,700

Acceleratke-stop
(no reverce thrust) 6,450 6,200

Steady-state climb conditions

After takeoff flare.

Airspeed (kn, CAS) 186 169

Rate of climb (fpm) 2,800 2.400

Flight path angle (degrees) 8.5 8

Body angle (degrees) 20 19.5

Thrust reducew at 3 miles from
brake release to observe community
noise level requirement: i

Thiuit reduced to 32. 4% max augmented 35.5% max dry

Noise level (PNdb) 100 99

Airspeed (On, CAS) 203 187

Altlt.ide (ft) 1,650 1,430

V4-B2707-1
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Table 2-B. Takeoff Performance Summary - B-2707 (P& WA)

FIELD CONDITIONS AIRPLANE CONDITIONS

Standard day Wing Sweep = 30 Degrees
Sea level Flaps = 20/40 Degrees
Dry runway Four engines operating
Zero wind, zero runway slope

Maximum Gross Weight Alternate Gross Weight

Taxi gross weight (lb) 675,000 575,000

U Thrust setting for takeoff Max augmented 0.5 Max augmented

T/W at itftoff 0.328 0.192

IAirport noise (1, 500 ft perpendicular 117 114
to airplane path) (PNdb)

3 Takeoff Criteria Speeds: V1  143 129

VR 150 138

3VLOF 169 156

(kn, CAS) V3 5  182 167

E Distances: Brake release to 35 ft 6,325 6,450
(ft) FAR field length 7,300 7,400

Accelerate-stop (no 6,800 6,900
reverse thrust)

Steady Stite Climb Conditions

After Takeoff Flare:

Airspeed (kn, CAS) 185 168

Rate of climb (fpm) 2,600 2,260

Flight path angle (degrees) 8 7.5
Body angle (degrees) 19.5 19

3 Thrust reduced at 3 miles from
brake release to observe community
noise level requirement:

Thrust reduced to 33.90 max augmented 28.87 max augmented

Noise level (PNdb) 105 1033 Airspeed (kn, CAS) 203 187

Altitude (ft) 1,450 1,290

I
V4-B2707-1
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Figure 2-6. Takeoff With No Noise Abatement (GE Engine) 20,000

15,000
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I Figure 2-8. Takeoff With Noise Abttmemnt (PSWA Enginc) 2.0
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I The takeoff speeds shown in Figs. 2-13 and 2-14 Figure 2-16 shows the balanced field length break-
were developed on the basis of a 10-deg angle of down for a st~ndard day, maximum gross weight,
attack at liftoff, which provides a 2-ft tail clear- maximum augmented thrust condition. A summary
ance with oleos extended, of stopping capability for various stopping or de-celerattr.g configurations is shown hi Fig. 2-17.

The liftoff speeds are estimated to be considerably

in excess of 10 percen. over the non-geometry 2.4.4 Performance MarginsI limited minimum unstick speeds (current FAR). A. high thrust-to-weight ratio during takeoff re-
This provides climb capability after liftoff sub- sults in safety margins far in excess of those on
stantially greater than subsonic jets. The geom- curren. Jet transports. A thrust-to-weight ratio
etry of the airplane prevents demonstration of of 0. 34 is obtainable at maximum augmented

-I rminimum unstick speed in ground effect; however, thrust on the B-2707 for the maximum gross
the liftoff speeds are always at least 5 percent weight configuration, compared to 0. 18 for the
above the geometry-limited minimum speed. similar takeoff configuration of a Boeing 707-320

series airplane. The airplane is accelerating at
2.4.3 Engine Failure During Takeoff 4.1 knots per second at liftoff during a maximum
The engine failure speeds (V1 ), using maximum gross weight takeoff. From the stall speeds
augmented or maximum dry thrust for the normal determined during certification, a stick shaker
takeoff gross weight range of the airplane, are warning system will be set for the required mar-11 shown in Figs. 2-13 and 2-14. The stopping dis- gin above the thrust-off stall speeds. The speed
tance is determined on the basis of using only margin between initial buffet and estimated 1g
aerodynamic drag and wheel brakes. The spoiler thrust-off stall speed in the takeoff configurationU segments on the upper wing surface, when used is approximately 5 knots. The speed margin be-
as speed brakes, increase aerodynamic drag and tween the normal liftoff speed and the speed for
wheel brake effectiveness. In actual operation, heavy buffet or zero rate of climb, thrust on, is
however, reverse thrust may be used as an addi- at least 40 knots.
tional braking force. Actuation of &he reverse
thrust mechanisms on the B-2707 is similar to The thrust-off stall speeds are considerably higher
tha of the 707. Reverse thrust is obtained by than the zero rate-of-climb speeds with maximum
actuating the "piggyback" levers on the thrust augmented thrust. Since the airplane is geometry
.!! :crs (Fig. 2-15). limited by the ventral fin on takeoff, it is impoe-I sible for early or over-rotation to significantly
If an engine failure occurs after the V1 speed has affect takeoff distance (Fig. 2-18). The V2 speeds
been reached, the takeoff is continued. Th2 high shown in Fig. 2-19 are approximately 10 knots
thrust-to-weight ratio during takeoff provides an above liftoff speed as the airplane passes through
additional safety margin in the form of excellent 35 ft above the ground. The airplane will stabilize
climb performance with one engine inoperative at a speed greater than V2 at a height of approxi-S (Par. 2.4.4). Sufficient rudder control is avail- mately 250 ft. depending on the rotation rate.
able to permit maximum use of maximum aug- V2 * 10 knots is an estimated 4-engine climb
mented thrust Aiile maintaining zero yaw in a speed based on experience in the 707 and 727 at
10-knot crosswind at normal rotation speeds. comparable thrust-to-weight ratios.

I] Table 2-C shows the minimum control speeds on The possibility of slush, water, ind foreign ob-Ithe ground and in the air. The nosewheel steering jects being thrnwn intc the e inlet from theI on the rudder pedals is ±5 deg so that effectiveness w-. -- A during takeoff will not be a problem due
under wet or icy runway conditions can be main- to the shielding effect of the rain flaps forward
taied. The ground minimum control speed of the engine inlets (Par. 2.14).
(Vmcg) for three engines at maximum augmentedI thrust is 132 knots, taking no credit for nose 2.4.5 Handling Characteristics
wheel steering effectiveness. A wet nmway nose The classical dynamic stability requirements deal
wheel effectiveness calculation shows that Vmcg generally %ith the airplane's hands off response,
is 118 knots. The critical engine failure speeo or open-loop stability. However, of equal impor-S (VI) for a maximum gross weight of 675, 000 lb is tance to the open-loop stability is the behavior of
141 knots CAS. the closed-loop wystem, consisting of the instru-

-V4 -B2707 -I
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I

T&U* 2-C. 8-207 (GE) Minimum Control Speeds

B-2707 (GE)

Minimum Control Speeds - VMC

Sea Level Standard Day

Groumd Conditions V - Knots CAS

One outboard engine inoperative
Three engines at maximum augmented thrust 132
No nose wheel steering 3
One outboard ensint .. operative
Three •,.ones at maximum augmented thrust, 118
With nose wheel steering (wet runway p = 0.16) 3
One outboard engine inoperative
Three engines at maximum dry thrust 117
No nose wheel steering

One outboard engine inoperative
Three engines at maximum dry thrust in reverse 68
No nose wheel steering

Airborne Conditions

One outboard engine inoperative
Three engines at maximum augmented thrust 118
Estimated two degree bark angle 3
O)ne outboard engine inoperative
Three engines at maximum dry thrust 101
Estima!ed two degree bank angle

Two engines inoperative on same side
Two remaining engines at maximum dry thrust 13ý
Estimated two degree bank angle B

• I
~I
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THUTLVR FLIGHT DIRECTOR MODE SELECTOR SWITCH
ALTERNATE SLAT

WING SWEEP CONTROL LEVER

AUTO THROTTLE CUTOUT -FLAP CONTROL LEVER

SPEED BRAKE LEVERI REVERSE LEVERS ROLL TRIM

I PITCH TRIM WHEEL

PARKING BRAKE

YAITI
HORN CUTOUT

ENGINE START& MODE C0CAIROL

Figure 2-15. Center Aisle Cotrol StendI mentation, the pilot, the control system, and the The body attitude of the air-plane at liftoff is 10 deg
airplane. Therefore, it is imnporta~nt that the (very similar to 707 and 727 liftoff attitudes).
stability augmentat~on devi1ces augment the closed-

S loop system as well as the airplane-free dynamnic In areas with noise restrictions, the attitude is
stability characteristics. Consequently, airplane increased to approximiately 2C deg during ln.tiul
handling qualities as discussed In this document climb.
are definec as the airplane's response charac-I
teristics to the pilot's control inputs (as well as The high angle of attack longitudinal char-acteris-I he hands off respInse to turbulence, trim tics and lateral control pwrat speeds lower

recovery from any stall condition. Simulator
2. 4. 5. 1 Longitudinal Control studies sho-w that the addition of maximum dry

Sltmuiat.cr studiIes indicate thzt although the pitch thrust at low altitude~s prevent any appreciable
response is sethe airplane is manage-able altitude loss when reco,.ering from angles of
without augmentationi and very good with Augmen- attack in excess of 25-30 deg.tation. An ILS can ibe flo-wn In rough air on. inst-u-r-ents to present-day minimums %kith stability 2. 4. 5.2~ Lake ral -Directional Control
augmnentation~ system (SALS) off using deviation The rur44er pe~dal forces and general control labil it y
data only. Ciwisee-ently, a takeoff Aith SAS o~fi with an outboard engine failure lfuring tak-eoff areIia no problem. The flight director also tm-proyes satisfactory. The airplane alIso has aileron and
the SAS off situation. An improved attitude indi- rudder controls which -an easily handle cross-
cator Is uinder developm-ent which has increase,, winds in excess of -A knots, and crosswindq of
pitch and roll attitude resolution. This indicator !O' knots with one outboard engine out at the mare

.1iincrease considerably the controllsibilIty of critical lighter weigh, condtiwis (Table 2-C0.
the airplane -with -AS, -off as well as on.

V4- R27 07-32 :5



4 The maximum rudder pedal iorce is 8V lb at maxi- beyond Mach 2.8, J-ue to the engine inlet charac-
mum pedal deflection. Thio level and the initial teristics, significantly reduces the tendency of
pedal force deflection of 50 lb for ?5-percent the airplane to overspeed. The auto-throttles
pedal travel was determined from 727 experience, will be very useful during cruaise to maintain the

desired Mach number and further reduce the pos-

The airplane is heavily damped in the dutch roll sibility of overspeed. Auto-throttles may b...
mode without staoflity augmentation and has very engaged just prior to level-off at cruise so that
little adverse yaw during uxrn entry and exit. The Mach 2.7 will not be exceeded while the pilot is
spiral mode is practicaUy neutral. The roll mode setting up cruise altitude. The pilot may also set
is also heavily damped. Handling with lateral the autopilot up to capture the cruise altitude
directional augme~tation off is very good. automatically so that he only needs to monitor

level-off.
2.4.6 Departure Air Maneuver
The Phase MI supersonic economic gramd -ulea The B-2707 has an adequate thrust margin 4.n the
for performance state that the time and fuel climb, rs Indicated by the service ceiling mar-
required for a 4-minute departure air maneuvwr gins shown in Figs. 2-23 and 2-24. This provides
mtut be included in all mission plauning. This operational flexibifity with respect to weather and
maneuver is calculated at 250 knots, 5,000 ft alti- possible atmospheric temperature variations.
tude, with the wing sweep angle set at 42 deg. Normal climb schedules are shown in Figs. 2-2V

and 2-24 The maximum AP= 2.5 psf denotes the

2.5 CLIMB AND ACCELERATION maximum ov6rpressure obtained during the climb I
between Mach 1. ir and Mach 1. 9. The effect of

2.51. General these climb schedulks on total range is shown in

The climb and acceleration from the end of Fig. 2-25.

takeoff to supersonic cruise altitude is planned 2.5.2 Instrumentation
to ensure accepiable nois2 levels and Instrument references are materially improved
overpressures. over present subsonic jet transports in manual

control during the climb as well as cridse and I
descent. In addidion, the CAS overpressure pro-

Flight techniques for cliurb and acceleration are file and rate-of-climb modes of the autopilot and
ccnventional. However, the increased perform- flight ,director system are available to assist the
ance of this airplane materially re3duces the pilot.
time spent at tVe lower altitudes (Fig. 2-20). The rate-of-climb instrin~ent can be considered

Therefore, simplified departure routing is essen- as an indication of the excess thrust available to
tial to the efficient operation of the B-2707. the airplane at a constant true airspeed. Reducing 5

the rate of climb will make additional thrust
The procedure for this segment of the flight is to available (at the same thrust setting), for accel-
climb at a constant indicated airspeed to the eration, thus trading climb capability for accel-
transonic acceleration altitude. A ciimb is main- eration. On this basis, the accurate and instan-
tained along the sonic boom constant overpressure taneous rate of climb and airspeed information
prufile to final climb, then the final climb airspeed available from the air data systems are used to
ti maintahied at the initial cruise altitude. determine progress during the acceleration. The f

indicated Mach and true airspeed instruments are
The transonic acceleration may be accomplished, used to monitor the acceleration. Digital read-
depending on the departure routing, so that the outs are provided on these instruments to best
ground overpressure will not exceed some arbi- display speed and rate of change of spee& and rate I
trary level such as 2. 5 psf, or the airplane can of climb. Research is under way tc deter mine
clinib along the VMO/MMO climb schedule if there the feasibility of an instrument that combines rate
are no sonic boom restrictions. Approximately of climb and speed rate to display a parameter
3. 3 psf overpressure would be generated during proportional to net excess thrust. i
transonic acceleration, along the VMO/MMO
climb schedule, with m.n increase in range. The Additional pilot aids to fly tho, sonic boom A P seg-
excess thruet increases as the airplane reaches ments are: (1) A pre-compued A P flight path
speeds beyond Mach 1.4 (Fig. 2-21). The level pitch attitude command signal will be prcsented as I
flight thrust required and thrust available plots a mode of the flight director; (2) a supporting

(Fig. 2-22) show the speed-thrust stability typical situation display which is being considered, may
of supersonic aircraft. The sharp thrust drop-off be employed to receive information from the air

V4-B2707-1
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B-2707 (G.R.)

Taxi Weight w 675,000 pound1s I
Flaps = 20/40 degrees
8t an d -d Day - Sea Level 3

V1 (Engine Failure) = 1_41 knots CAS
Spoilers Extended

DRY RUNWAY

4 Engines Reversed + Brakes
Brakes Only

DRY RUNWAY, NO BRAKES _

4 Engines Reversed
3 Engines Reversed I

WET RUNWAY

3 Engines Reversed + Brakes -
Brakes Only

0 1 2 3 4 95 6

Stopping Distance,
1000 Feet

Figure 2-17. Stopping Capability
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1 I

00[000"" 'I 1II 0 000 CALIBRATED PRESSURE

AIRSPEED, ATTITUDE LITUD IC
TEMP. DIRECTOR
ANDMAND INDICATORM•ACH RADAR

INDICATOR ALT!
VERT

SPEED
IND.

RADIO
MMAGNETIC HORIZONTAL CLOCK
INDICATOR SITUATION

VIDEO DISPLAY UNIT INDICATOR
NAP 

I

Figure 2-26. Captain's instrument Panel

data system and indicates a dot of "present posi- airplane, particulariy for off-course and parallel
tion" on a Mach-Altitude plot similar to Figs. course routing, is of considerable importance.
2-26 and 2-27. The A P line to be flown is gener- The map display expedites arrivals and departures
ated on the display as well as significant speed and also allows closer control of flight over areas
and ceiling placards. The display may be time- sensitive to sonic boom. The map disnlay will
shared on a TV scope. The dot has a line through also allow precise ILS "turn-ons," thMs improving
it to indicate the Macb-altitude rate as a vectcr. terminal area traffic control efficiency as well as
Flight simulations using such a iisplay have airplane management by the flight crew.
proven its usefulness. 2.5.3 Placards
Improved pitch attitude indicators are being devel- Tearln aiu prtn n aiu

oped to increase the pitch attitude resolution for desirplacards, operating-and paximum

better manual control during climb, cruise, and for the climb, cruIse, and descent, are shown in

descent. An increase in pitch attitude sensitivity Fig. 2-28. Since the airplane has considerable

(by a factor of 10) on a cathode ray tube (CRT) in thrust and acceleration capability at the lower

the simulator markedly increases the pilot's altitude, it is important to adequately protect the

controllability. This is particularly beneficial airplane from inadvertent overspeed. A VMO,

with SAS off where the pitch response is slow and aM0' and frm i nt (aers le") i on
lightly damped at the high;-aitftude cruise condi- "TMO, and MMO pointer ("barber -- le") is on the

airspeed indicators. In addition to speed, tem-
tion. perature, and altitudF.; these limit indications will

A suitable map display is under study to further be geared to the actual sweep angle so that the
improve the operational efficiency of the flight applicable VMO, TMO, or MMO is always dis-
crew, particularly during climb and descent. The played to the pilot. An aural warning will be
map display presents integrated position informa- installed to warn of an overspeed condition. The
tion from the inertial navigation and the VOR/DME warning system also senses roll and attitude
systems. The ability to precisely navigate the pitch rates as well as speed rates in order to

V4-B2707-1
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Figure 2-27. ,Mocb-- Altitude Displa7 1

provide zntcie~p~tory warninlg of •n incipient over- The service ceiling lim~it showrn in Figs. 2-23 and
speed condition. The wing s'eed ano flap placards 2-24 defines airplane performaixe capabi~ityere as follows. (100 fpin rate of cllmb) for the climb weightti

resulting from a maximum gross weight takeoff. IWing Sweep Wing Flap Sea Level The initial buffet boundary below approximately
Angle, Position, Placard Mach 0. 9 is the minimum usaL)e flying speed in

Deg '?cg (Knots CAS) the conventional serse. Abo•,e Mach 0. 9, at the
buffet boundary', the airplane could be in buffet305,"290 but v,'ould have the capability of developing a sig-

30 2C/40 225 nlficantly higher lift coefficient. The normal
climb profile clears all buffet boundaries by30 30/50 195 5,000 ft and ceiling limits by at least 4, 000 ft.

42 0 35 0eh

02.5.4 limb and Acceleration Procedures 3.0

'72 0 375 An operational schedule for the maximum gross

V4--B2707-1l
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weight climb and acceleration phase of the flight I KT,
is shown in Fig. 2-23. At approximately 1,500 ft 4< --
and as soon as practical after takeoff flaps have . -
been retracted and the wings swept to 42 deg, the ... . . 4_ -
?ilot sets maximum dry thrust. The airplane U;, 4 , , W . ' I
accelerates to 350 knots CAS and maintains this .. . m- DAY,
airspeed during the climb to 25,000 ft. AtMach ....

0.85 (26,000 ft), the wings are swept to 72degIn 70-e in -- -- .
order to operate at the maximum lift-to-drag •
ratio (L/D) over a large range of speeds. This T7

provides the optimimu climb, acceleration, and .60 . -.....--- -I--
cruise capability. The forebody is also raised to . - .
the full up position at this point. As the aircraft - ' .
approaches Mach 0. 95 (30,500 ft), maximum aug- 50--
mented thrust is applied. The airplane climb _
angle is reduced slightly at approximately 40,000
ft to accelerate along the 2.5 psf sonic boom speed t: 4C •

schedule. The desired overpressure limit speed - ....schecbde is followed out to approximately 560 knots 30 :• 7 • . [

CAS (47,500 ft), which Is the climb speed until .... 3
initial cruise altitude is reached. The climb speed -

schAdu5es are not greatly affected by gross weight. 20

The initial climb to approximately 30,o000 ft is the .I. i
same CAS for all gross weights in any sonic boom
limited climb. The finalsegment is lsounchanged 1' - I!
except for the cruise level-off altitude. Only the - "._ .
sonic boom limited portion of the climb changes
with gross weight. 0 2 4 6 6 10 14

RATE OF CL:MB BODY ATTITUDE
2.5.5 Climb Performance 1ooo FEET PER MINUTE DEGREES
When sonic boom restrictions do not apply, such
as over water, a range advantge can be realized Figure 2-29. Rate of Climb and Body Attitude Profile
by sweeping the wing to 72 degrees as soon as
practical after flap retraction and folowing the subsonic and supersonic climb is shown in
VMO/MMO climb schedule. Maximum augmented Figs. 2-30 and 2-31.
thrust is applied just prior to transonic accelera-
tion. For the B-2707 (GE) maximum gross weight 2. 5. 6 Handling Characteristics
!li~sioh (3, 819 nmi), flying the MMO1 cir a sche- Longitudinal trim is easily maintained throughouL
duie rather than the maximum •P = 2.5 psf climb the climb profile V'ncluding wing-sweep sequence) I
schedule, would increase the overall rarge 131 using the t.,im button as needed or with SAS on,Snmi or reduce the block time by 5 minutes. trim is maintained automatically. The SAS sys-

oeb i mtem provides adequate damping and improved
On a "hot day, for a given sonic boom overpres- airplane response at the higher altitudes and I
sure level, the airplane should accelerate at the speeds. The SAS also provides essentially a
same tapeline altitude as on the standard day. stick-steering capability in that it tends to hold
Therefore, during above standard day tempera- the airplane in any given attitude until a pilot
tures, the airplane is flown at an indicated alti- command is inserted. The longitudinal trim
tude that is the same tapeline height as the stan- changes auring acceleration and wing sweep are
dard day pressure altitude during the sonic boom not large and are easily handled with SAS off.
limited segment. The overall mission "hot day"
range adjustment is discussed in Par. 2.6. 1. 2.6 CRUISE

A rate-of-climb and body-attitude profile for 2.6. 1 Supersonic Cruise Procedures and Profiles
AP max = 2.5 psf climb schedule is shown in The B-2707 cruises at Mach 2. 7, or 5006 F stag- I
Fig. 2-29. Additional climb performance for nation temperature, whichever occurs first. The

V4-B2707-1 U
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S....... the airplane will fly a profile defining best-c;uise-
altitude for a given mission. Two alternate

. . cruise procedures are shown in Fig. 2-34.

[7 The total mission range, shown as cruise pro-
cedure A is 3,819 nmi (Fig. 2-34). A range

sz"m -00 loss of approximately 1.1 percent results from
S....... .I,:LWU: - using an optimized constant altitude with a step

"- F c 000. F WM voa climb procedure (cruise B ). A range loss of
U" LW 2.2 percent results from an optimized constant

l ."60 altitude cruise procedure (cruise C).

.- -o . I The effect of temperature, altitude deviation, and
LL 50 .- 1- . - -ý wind on range is shown in Figs. 2-35 and 2-36.

0 .... ... -; The cruise range change with deviation from
L9 L .best-cruise-altitude plot shown in Fig. 2-35 indi-

- .cates that the B-2707 would be fairly insensitive
A .to small altitude variations during cruise. The[ .. -- .small range reductions shown are for an altitude

: .deviation for the entire cruise portion of the mis-
sion. It is also shown that the best cruise altitude

20 covers a band of approximately ±500 ft.

W During operation at above standard temperatures,
o the B-2707 flies at a reduced Mach numbersoas not

to exceed a 5000 F stagnation temperature limit.
An adjustment is provided on the auto-throttle

0 .20 .40 0 20 40 0 so 6o0 Mach hold system for this condition. If the com-
TIME FULEL DISTANCE plete mission shown in Fig. 2-32 were flown inSHOURS 1000 LB NAUT. MI. scandard +180°F conditions, the total range would

be reduced by 369 nmi (9. 7 percent range reduc-
Figure 2-30. Subsonic Climb Performance tion). It should be noted (Fig. 2-36) that in the

case of the hot-day mission, approximately
cruise airspeed is 1, 550 knots TAS (558 knots 72 percent of the range loss is during the cruise
CAS). Partial thrust augmentation is required condition. The values shown in this figure arefor most of the supersonic cruise missions, based on a pilot's typical-missionplan for standard

day conditions and the actual flying of the completeS The piloting techniques required during super- mission in a standard +18- F environment. For
sonic cruise are similar to those used during sub- the pilot to fly to his original destination, he would
sonic conditions. The Mach hold mode of the be required to use 38 percent of his reserve fuel.L auto-throttle is available to assist the pilot in As shown in Fig. 2-37, a standard +18° F condition
cruise control when desired. In this mode, the at altitude is very unusual. A hot-day at both
thrust levers are positioned by the auto-throttle altitude and sea level seldom occurs.
system to match engine thrust to the desired
cruise condition. Typical average fuel flow during supersonic cruise

is 25, 000-lb/hour/engine. Fuel management is
Supersonic mission profiles are shown for the compai-able to current jet transports. Normal
maximum gross weight B-2707 in Figs. 2-32 and fuel management consists of using all the auxiliary[ 2-33. The profiles are shown utilizing a cruise tank fuel (1A, 4A, forward, and aft auxiliary), andclimb procedure for supersonic cruise. This then main tank fuel (1, 2, 3, and 4) for the remain-procedure under idealized conditions would require der of the flight. Figures 2-38 and 2-39 show the
no thrust changes during the cruise. The thrust sequence of fuel management for typical missions.S setting at initiation of cruise would cause the air- No transfer is required to prep, e for slowing
plane to climb at a rate of approximately 50 fpm. down to subsonic flight. Fuel temperatures will
By using the autopilot in the rate of climb mode, be monitored in a manner similar to existing prac--

V4-B2707-1
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0
N

Max. Design M Alt -68,000 ft
Taxi Weight = 675,000 lb Alt 61,000 ft
OEW = 287,500 lbU Payload = 50,000 lb Climb Descent
Wing Area = 9, 000 ft 2  AP =2.5 psf Cruise Climb @ PMMAX1 1.66 psf

Airflow = 600 lb/sec

1 Std. Day,ZeroWind Q 0
"Phase III Rules
Block Time = 3.319 hr Weight at
Block Fuel = 292,18. lb Fuel Fuel End of

Burned, Remaining, Operation, Time, Distance,(lb) (Ib,• (lb) (hr) (nmi)

1I. Taxi Out 4,060 333,440 670,940 0.167 --

2. Take Off (S.L. to 35 ft) 4,150 329,290 666,790 0.010 --

3. Acceleration to Climb Speed 4,790 324,500 662,000 0.024 5.0

V 4. Departure Air Maneuver
(250 kn EAS and 5,000 ft) 4,000 320,500 658,000 0.067 --

S 5. Acceleration and Climb 86,200 234,300 571,800 0.A67 381

6. Supersonic Cruise Climb 181,991 52,309 389,809 2.085 3,227

7. & 8. Deceleration & Descent
(Cruise Alt to 1,500 ft) 2,330 49,979 387,479 0.333 206

9. Destination Air Maneuver
(Approach & Landing Allow-
ance, 250 kn EAS at 5,000
ft). WT=WTat (8)-5%
block fuel 2,940 47,039 384,539 0.083 --

10. Taxi In (1,720)* 0.083

TOTAL MISSION 290,461 3.319 3,819

Reserves

A. 5% Block Fuel 14,609 369,930

B. Missed Approach (Cliib L

S.L. to 1,500 ft) 2,510 367,420
C. Climb from 1,500 ft sub- •

sonic cruise, descend to
S.L. at alternate (300 st mi) 20,070 347,350ED. 20 min hold at 15,000 ft
over alternate 9,850 337,500

TOTAL RESERVES 47,039

TOTAL FUEL 337,500

*Fuel burned not included in mission fuel; for D. 0. C. onlyI3
Figure 2-32. B-2707 (GE) Intercontinental Supersonic Mission

U
V4-B2707-1
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- I

Max D i M=2.7 Alt. =-68, 100 ft

Taxi Weight - 675,000 Ib Alt. = 61,000 ft 0 Descent I
OEW - 285, 000 lb Climbsen
Payload = 50,000 lb Climb Cruse Cli PmAx 1o65 psi
WingArea - 9,000ft2  •PMAx 2.5psf Cri•lMAx
Engine - PWAJTF17A-21B .
Airflow = 687 lb/sec

Std. Day, Zero Wind (D ®
Phase HI Rules 1
Block Time = 3.352 hr Weight at

Block Fuel = 298,162 lb Fuel Fuel End of
Burned, Remaining Operation, Time, Distance,

lb lb lb hr nmin

1. Taxi Out 2,940 337,060 672,060 0.167 --

2. Take Off (S. L. to 35 ft) 4,476 332,584 667,584 0.010 --

3. Acceleration to Climb Speed 4,982 327,602 662,602 0.043 10

4. Departure Air Maneuver
(250 kn EAS and 5,f000 t) 3,225 324,377 659,377 0.067 -- I

5. Acceleration and Climb 94,875 229,502 564,502 0.558 412

6. Supersonic Cruise Climb 182,094 47,408 382,408 2.015 3,120

7. & 8. Deceleration and Descent
(Cruise Alt to 1,500 it) 2,010 45,398 380,398 0.326 196

9. Destination Air Maneuver
(Approach and Landing
Allowance, 250 kn EAS at
5,O0ft). WT =WTat(8)-

S5% block fuel 2,280 43,118 378,118 0.083 --

10. Taxi In (1,780)* 0.083 --

TOTAL MISSION 296,882 3.352 3,738 1r

Reserves

A. 5% Block Fuel 14,908 367,210
B. Missed Approach (Climb K

S.L. to 1,500 ft) 2,230 360,980

C. Climb from 1,500 ft sub-
sonic cruise, descend to I
S.L. at alternate (300 st mi) 18,010 342,970

D. 20 min hold at 15,000 ft
over alternate 7,970 335,000 I

TOTAL RESERVES 43,118

TOTAL FUEL 340,000 3
*Fucl burned not included in mission fuel; for D. O.C. only

Figure 2-33. B-2707 (P&WA) Intercontir,netal Supersonic Mission

V4-132707-1
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Figure 2-35. Of-f Design ange Effects

traffic conditions which require subsonic operation.
Figure 2-34. Supersonic Cruise Procedures Consequently, the B-2707 is adaptable to varying

r'•,tc structures.S tice, except the normal change will bc a tempera-
ture rise, rather than drop. In the event of a mal- The B-2707 (GE) range trades for split missions
f-mction causing abnormal fuel temperature rise, the (part subsonic and part supersonic) are shown on
situation can normally be rectified by slowing down. Fig. 2-40. The range reduction for a 400-nmi

subsonic leg at the beginning of the mission is
2. 6. 2 Subsonic Cruise Procedures 63 nmi (1.6 percent of the total range). A sub-
The long-range subsonic cruise speed is Mach 0. 85 sonic leg of equal distance at the end of the mis-
with a wing-sweep angle of 420. The B-2707 (GE) sion will result iv, a slightly larger range reduc-
at maximum taxi weight, flown subsonically for the tion of 104 nmi (2. 7 percent reduction).
complete mission, has a range of 3, 286 nmi. The
B-2707 (P&WA) at the same taxi weight, flying a The B-2707 (P&WA) range trades for split miz-S completely subsonic mission, has a range of sions are shown in Fig. 2-41. The complete mis-
3,870 mi. The procedures used for subsonic sion range is unchanged with a 400-nmi subsonic
cruise are the same as used on current jet leg at the beginning of the mission. A range re-
transports. duction of 40 nmi (1. 1 percent range reduction)

will result when a 400-nmi subsonic leg is flown
2. 6. 3 Cruise Flexibility at the end of the mission.
The B-2707 is compatible with the traffic control
'equirement of sonic boom restriction areas and

V4-B2707-1
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A summary of B-2707 performance data may be 2.6.4 Mid-Point Failures and Emergencies
found in Airplane Performance, V2-B2707-4,
(GE engines) and Airplane Performance, 2.6.4.1 Propulsion Failure
V2-B2707-5, (P&WA engines). The airplane can be controlled easily with inlet

unstart combines with an engine failure in super-
The B-2707 has excellent domestic operational so~nic flight - even with maximum augmented
capabilities. By flying an initial subsonic leg of thrust, which could occur in a final climb segment
approximately 900 nmi, a mission can be accom- (Vl~,o/MMo 560 CAS at Mach 2. 7). The pilot or
plished without exceeding an overpressure of the autopilot can control the situation using mod-
2psf during climb and 1.5Spsf during cruise at erate elevon deflections. With SAS off, the
Mach 2. 7. The initial gross weight for such a pilot's control inputs are larger for the failed
mission is 600, 000 lb a~id the total range is engine case but control is maintained with elevon
2, 525 rnmi. The zero range loss portion of the alone. Credit is not taken for rudder input by the
curves shown in Figs. 2-40 and 2-41 represent pilot because the sideslip or yaw angles are small
the normal distanre increment included in the and the roll angles are more easily perceived.
supersonic mission range (3,819nmi, GE or A failed engine is placed in the "windmill braked"
3, 738nmi, P&WA) from liftoff to Mach 1.0 in configuration during supersonic flight to prevent
climb or from Mach 1.0 in descent to touchdown, overheating. A stator row is positioned to shut
The subsonic leg shown in these figures Is a corn- off the air flow through the engine. At subsonic
bination of the cllmh or descent distance dscribed speeds, the engine is allowed to windmill for
above as well as a subsonic cruise portion, minimum drag.

V4-B2707-1
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250 300 350 400 450

A-B TAXI - TAKEOFF, CLIMB, AND SWEEP WINGS FROM 30* TO 72*. FEED ENGINES I AND 4 E-F WHEN THE AMOUNT OF FUEL IN MAIN TANKS 2 AND 3 PLUS THE FUEL IN THE F1
FROM OUTBOARD AUXILIARY TANKS ]A AND 4A, AND FEED ENGINES 2 AND 3 FROM AUXILIARY TANK EQUALS THE AMOUNT OF FUEL IN MAIN TANKS I AND 4 FEE'
FORWARD AUXILIARY TANK. I2 AND 3 FROM THE FORWARD AUXILIARY AND FEED ENGINES I AND 4 FROM MA

I I I I III I I UNTIL THE FORWARD AUXILIARY IS DEPLETED3. I
B-C CONTINUE TO FEED ENGINES I AND 4 FROM AUXILIARY TANKS IA AND 4A. AND FEED I I I I I

ENGINES 2 AND 3 FROM FORWWRO AUXILIARY TANK UNTIL AUXILIARY TANKS IA AND 4 F-G CRUISE AND DESCENT - WITH MAINS EQUAL, FEED ENGINES FROM THEIR RES
ARE EMPTI I I I I I I I I I I

I -H SWING WINGS TO 300 - ALL MAINS EQUAL
C-D FEED ENGINES I AND 4 FROM AFT AUXILIARY FEED ENGINES 2 AND 3 FROum FORWARDI

AUXILIARY, UNTIL DEPLETION OF AFT AUXILIARY. H-I RESERVE FUEL

O-E WHEN THE AMOUNT OF FUEL IN MAIN TANKS 2 AND 3 PLUS THE FUEL IN THE FORWARD
AUXILIARY TANK IS GREATER THAN THE AMOUNT OF FUEL IN MAIN TANKS I AND 4;FEED
ALL ENGINES FROM THE FORWARD AUXILIARY.

OEW

OEN -

--- "-- "--- • --- --- -

-- ------- - ---"'--4 --

- - - -• ""•-. I I ---I-uj

4

PAYLOAD ft

PASSENGERS AT 165 LB EACH
BAGGAGE 35 LB/PASSENGER SEATS SEATS

UTILIZED AVAILABLE
f FIRST CLASS 27 30
2 TOURIST -WINDOW SESTS 83 83
3 TOURIST - AISLE SEATS 83 83
4 TOURIST - REMAINING SEATS 57 81

C B 1 B-2707
" CARGO BASED ON 10 PCF 675,000 LB GROSS WEIGHT

5 AFT CARGO. LB 8750 12.040 50,000 LB PAYLOAD

FORWARD CARGO, t.B. -.0- 19,320

THE WING REFERENCE CHORD IS 1896.7 IN WITHTHE LEADING EDGE AT BODY STATION 1440.



WEIGHT, 1,000 LB8

400 450 50055

1 1 1 1 1 1 1 1 i
,ND 4 E-F WHEN THE AMOUNT OF FUEL IN MAIN TANKS?2 AND 3 PLUS THE FUEL IN THE FORWARD
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2 AND 3 FROM THE FORWARD AUXILIARY AND FEED ENGINES I AND 4 FROM MAIN TANKS I AND 4 MAIN TANKS PROVIDE CONTINUOUS BACKUP
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A-B TAXI, TAKEOFF, Cl IMB, AND SWEEP WINGS FROM 30 TO 12 FEED ENCINES I AND 4 FROM OUTBOARD AUXILIARY TANKS IA, FED4GNS?~~ F OWR UIIA, AND~

I I i I AIYIAI I I I I I I I I
B--C CONTINlUE TO FEED ENiGINES I AND 4 FROM AUXILIARY TANKS IA tND 4A AND FEED ENGINES 2 AND 3 FROM FORWARD AUXILIARY.

C-D FEED ENGINES 2 AND 3 FROM FORWARD AUXILIARY TANK AND FEED ENGINES I AND 4 FROM MAIN FUEL TANKS I AND 4 UNTIL
FORWARD AUXILIARY IS DEPLETED

I I I ED II
D-E FEED ALL ENGINES FROM TANK TO ENGINE - MAINS EQUAL.

I I I I
E-F SWING WINGS FROM 72' TO 30'.

F-G RESERV E FUEL -ALL MA INS EQUA L.

2

DE 
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0D
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Figure 2-39. Cent,, of Gravity Managoment (P&WA)
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FORWARD LINT 60

) 4 FUEL DISTRIBUTION

)3TANK FUEL LOAD, LB
u MAINS I AND 4 54,185 TOTAL 5
AU MAINS 2 AND 3 3,000 TOTAL
A FOkWARD AUXILIARY 2,6

OITBBA D AlUXILIARYS IA AND 4A 95,715
AFT AUXILIARY 59

TOTAL AIRPLANE FUEL 300,000

FIgur* 2-39. Cent., of Gravity MORag9ment (PWA)
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F The effect of propulsion failure on total range is 2.6.5 Handling Characteristics
shown in Figs. 2-42 and 2-43. In the event of a The turn radius associated with supersonic speeds
propulsion failure, the pilot has the option or is much larger than at subsonic speeds. In a

'I continuing supersonically or subsonically at a 30-deg bank angle at 1, 550 knots TAS, the B-2707
lower altitude. The plots show that the reserve turns with a 60 nmi radius compaed to 9 nmi for
:iiel available on arrival at the original destination a 600-knot jet (Fig. 2-47). "
(3,819 nmi) is always in excess of that required
for a 15-minute hold at the destination. An important consideration of high Mach cruise is

the ability of the pilot to hold desired altitude.
2.6.4.2 Cabin Pressurization Failure One measure of this capability is the parameter

SBlowout of a single passenger window (33. 2 sq in.) Nza which is the vertical acceleration of the air-
will not be catastrophic. As soon as the cabin plane for small changes in angle of attack. Air-
altitude rate-of-change sensor senses the pressure planes with large values of Nza are sen3itive and
drop, the boost compressors are switched to the tend to be difficult to control with regard to ratef high flow mode and the cabin altitude warning horn of climb or altitude. Lower values produce easily
sounds. With three of four available compressors managed pitch response and are desirable, espe-
operating, the cabin pressure altitude will not cially in conditions of low damping. Extremely
exceed 7,000 ft, assuming that the pilot begins low values are undesirable since they produceL emergency descent within 17 ceconds (per current sluggish response. Rigid airplanes tend to have
FAR) of the sounding of the cabin altitude warning increasing values of N with increasing dynamic
horn. During the descent, cabin pressure altitude pressure. Conventional airplanes with relatively
will stabilize between 6, 000 and 7, 000 ft. Simi- rigid structure that are capable of flying through
larly, a structural blowout (42 sq in.) which is the large ratios of maximum speed to minimum speedmaximum tear stopper -doign with only threc air tend to have uadesirabi•v Io. valuer.s t Low speed

sources operating will cause cabin pressure alti- and over sensitive high values at high speed. Be-
tude to reach a maximum of 13, 000 it (Figs. 2-44 cause of the variable-wing sweep feature, the
and 2-45). B-2707 is able to maintain an approximately con-

stant near ideal level of N . The values of Nza
In the event that all engines lose thrust, the cabin throughout most of the fligxt profile vary betweenl altitude is held to a maximum of 14,000 ft. This 0.1 and 0.3 g's per deg, which is very similar to
is accomplished by operating one boost compres- present-day transports at medium operating
sor from the engine windmilling drive power speeds. However, at the higher true airspeed,f (Fig. 2-46). See Par. 2. 9 for further discussion the flightpath angle change, and subsequently the
of abnormal conditions, airplane's attitude change, is quite small for a

given change in angle of attack.
2. 6.4. 3 Loss of Hydraulic System
Loss of one hydraulic power system does not The effect of higher speed on controllability is
require any unusual action by the flight crew. appreciated when one realizes that when a small
Loss of two hydraulic power systems will neces- attitude change occurs slowly without the pilot's
sitate the reuuction from supersonic to subsonic knowledge, the rate of climb or descent can be-
cruise speeds. Subsonic cruise can be maintained come quite high and the altitude excursion quite
with the remaining system although maneuver- large, even though the attitude change is small.
ability rates are reduced and wing speed actuation
is slowed to 30 percent of normal operating speed. Consequently, the ability of the pilot to hold
A standby hydraulic power system provides a attitude is also intimately related to the quality
backup for landing gear extension and brakes. and resolution of his air data and attitude indicator.

For this reason, improved pitch and roll attitude
W With all four engines inoperative, the flight con- resolution is provided along with visual indicators
trols are operated by hydraulic power generated with a digital readout on air data information so
through the ADS by engine windmilling power that accurate speed and altitude information, as
(P&WA engine) or by hydraulic power generated well as rate of change of speed and altitude isU through the ram air turbine (GE engine). (See easily perceived.
Par. 2.9.8.)

U V4-2707 -1
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The map display and the Mach-altitude dksplay 2.7.2 Holding
present essential information continuously to the From an economy standpoint, the flight should
plot in a pictorial, integrated, and easily under- descend to subsonic conditions once the descent
stood form. has bee= atsrtea. Holding, if required, should

be planned for subsonic speeds at lower altitudes.
The normal handling of the airplane during cruise Holding would be accompl!shed at eltitudes of I
presents no problem given the improved instru- approximately 15 to 30,000 ft, 280 knots CAS,
mentation. UAS oV characterietics require a and a 30 deg wtg-sweep angle.
little more pilot attention due to the low damping
about all &ns and some lateral-directional 2.7.3 Emergency Descent Procedure and

oupling. Perfrmance
The emergency descent is based on the following

2. 7 DECELERATION AND DESCENT conaideratic-is: f
2. 7. 1 Normal Descent Procedure and Performance . Blowout Prea nimited to 42 sq in. by tear
The normal dwcelerstion mid doscent schedule stopper design (window area 33.2 sq in.)
(Fig. 2-48) has been planned w1t6 the following e 17-second delay for crew mask donning and U
primary considerations: pasenger seat belt security

e Operational simplicity and safety 9 MO/•'MO flight profile with maximum
Overall mission range and blocl, tine loitu41ial deceleration limited to 0. 5 g

* Minimum practical aoio L/ om e Aircraft level-off altitude 14,000 ft

e 300 •n (maximum cabin rate of decent) * Spoilirs extended full up throughout the
descent and the landing gear is extended at

The B-2707 cun slow down at aný time witLout fuel its s'nbsonic placard.

transfer or cg manipulation. The cabin altitude Tte M o/V profile (Fig. 2-48) is flown using Ii
at the end of cruise is approximately 6,100 ft. ?K0
The airplane starts to desce-nd : t r constart (&al - o

lbraed irspedessntialy he ame irseed very similar to current practice. Additional aid
fhlated airspeed, essentially the same airspoed is provided by the Mach-altitude situation display. (1
, held at the end of cruise (480 knots CAS for nor- If a MMO/VMo emergency descent is initiated at
mal mission) (Fig. 2-48). The 72-deg wing sweep the top of the Rual climb (570, 000 lb), a maximum
Biutdesent overpressure of 3.t22 psf results. The

subsonic speed. The maximum sonic boom over- descent rares of 3.22 af r es
• pesur gneatd n noma dscntsI.6pf. maximum rates of descent and body attitudes[1

pressure generated in a normal descent to 1. 6psf. occur at lighter weights as shown below:The descent is flown using the same aids as were
used for the cilmb. The airplane becomes sub-%ax Rte Max Bodysonic at 44 500 ft. The airplane descends sub- Descent Attitdesonically in a manner similar to currint jet trans- Descent Attitudeports. The wing is normally started forward at(p)(dg

1 Mauh 0.9 or less to end up at 42 deg. The wing
Eweep schedule 18 shown in Fig. 2-48. The Erd if ;l,mb
descent times and distances are xbovm in gross weight
Fig. 2-49. The descent profile will cuhange very 570,000 lb b, 000 -1.5
little with variations in gross weight.

End of cra~ite
A rapid descent can reduce the block time by 400,000 lb 12,000 -5
5 minutes, but it can also reduce the o-erall
range by approximately 31 miles. The airplane The body atUtuades arc miid comprrJ to currert H
would go suVl-,nic within 48 miles of the terminal subsonic transporte wLlch nose down near.,
area, compared to 90 miles out for the nor•ml 20 dei in an emergency descent. 1igure 2-45
descent. The rapid descent is flown using the shows the cabin alUtude profile du-ing an errer-
normal descent schedule, but with earlier deploy- gency descent. t
ment of opoelers and landing gear.

,V4-W177t7-1

6n



STANDARD DA*

WIMTIAL BU*F!T
AL x 72 DMIREIES

ANGLE OF ATTAZ LMT'

ALE 72 DEGIREESI 7 ." GR)OS L&:.a

70

LL 60 ALE0 42 C'ErGREES

L ~01

50

t 4

ch30 60A~tERNATE

U 20 / 2 ID0L

0I .4 .8 1.2 1.6 2.0 2.4 2.8

13 Fiqu,,. 2-4& D~scoot SchAdaIes

V4 - B27 0



-7 . .. .7

7 7 .....

1 ~:Tq " 7 I .2.;::I

70-i-

60 7 ~- i----7 -7--i

1. ~~~~~ ~ ~ .... ......................

L40 w 7 AI

I.3 0

.2. 100 200
DESCENT TI ME,*HOURS Di STANCENbrT. MILES L

V4 -B2707 -1

62U



U

S2. 7.4 Performance MArgins Table 2-D shows the descent capability with idle

The initial buffet speed margins in the descent thrust for making large corrections in flight path
are excellent and provide a high level of safety angle prior to or during approach. This provides
(Fig. 2--48). The airplane h a a minimum maneu- considerable operational flexibility and illustrates
vering capability of 0. 5 g before initial buffet the airplane's capability for fitting into terminal
during descent. area traffic patterns.

A The normal mission descent schedule is shown at Another factor that is important to the pilot,
least 1, 500 ft below the service ceiling so that the particularly during approach and landing, is the
airplane can level off and hold speed at any time engine acceleration characteristics. Figures
should traffic or weather conditions require. 2-52 and 2-53 show an engine acceleration time

of 4.5 seconds from idle to 95 percent maximum
2.8 APPROACH AND LANDING PROCEDURE dry thrust. Time from approach thrust to

95 percent maximum dry thrust is only 2. 5
SThe B-2707 has excellent landing characteristics, seconds.

Landing speeds and field lengths are similar to
those for subsonic jets. The flight deck attitude A comparison of the B-2707 and the 707-320 ap-
on approach is approximately one degree. This proach performance for various thrust settingsfI is less than the 707 and results in excellent is shown in Figs. 2-54 and 2-55.
forward vision. The reverse thrust system
effectively reverses 50 percent of the forward 2.8. 1. 2 Landing Field Lengths
thrust or approximately 26, 000 lb per engine. The landing distances are comp-:able to present
The high level of reverse thrust from the large day jets (Fig. 2-56). The excellent reverser

L engines yield a very comfortable safety margin effectiveness and the rapid engine acceleration
for landings on wet or icy runways. The high characteristics provide distances comparable to[ lift-to-drag ratio in the approach configuration dry runway (brakes only) landing distances for
permits low approach thrust settings, which very wet or icy runway conditions. At maximum
result in very low noise levels. The relationship landing gross weight with 3 engines, the wet run-
of thrust and drag is stable on approach so that it way FAR field length is 7,000 ft.

fl is easy to hold approach speeds and glide angles
(Figs. 2-50 and 2-51). The normal landing weight at the end of the inter-

continental mission is 384, 000 lb. At this weight
S 2.8. 1 Normal Approach and Landing Procedure the approach speed for flaps to 30/50 deg (stan-
The wings are swept forward to 42 deg during dard day, sea level), is 1326 knots CAS and the
descent and to 30 deg prior to approach. Flaps FAR field length is 6, 280 ft (no reverse thrust)
are extended with the wings at 30 deg prior to (Fig. 2-56). A Boeing 707-320-series airplane
final approach where full flaps and gear are ex- at maximum landing weight would approach at
tended. Inflight spoilers and landing gear which 137 knots CAS, and has a FAR field length of
can be extended (270 knots) and retracted 6, 060 ft. The actual landing distance required to
k250 krots) give the pilot the ability to slow down, clear a 50-ft obstacle at a landing weight of
hold, and regulate speed and descent rate as 384, 000 lb, utilizing 4 engines in reverse thrust,
desired by the traffic controller (Table 2-D). is 3,300 ft. N summary of landing performance

for dry and wet runways is shown in Fig. 2-57.
2.8. 1. 1 Approach Speeds and MarginsU The normal approach speed for full flaps is 1.3 2.8.1.3 Comnmunity Noise Levels
times stall-speed. It is well above the speed for On current subsonic jets the major s'Aurce of
minimum thrust; the speed can thus te held ver' noise is the compressor whine. On the B-270i
easily with a minimum of thrust lever inlet airflow, choking is used to achievr com-
manipulations. pressor noise supprcssion. During the approach,

c•mpressor noise is eliminated as a contributor
Figures 2-50 and 2-51 show the thrust required to the total noise (Ref. Airport and CommunityH and thrust available versus speed on approach. Noise Program. V4-B2707-4). Figures 2-58 and
The approach speed is on the stable side of the 2-60 show the resulting noise levels and contours
thrust required curve.

V4 -B27 07 -1
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experienced in the community, 1 mile before fore, the automatic throttle system is a dual sys-
threshold, using a flap setting of 20/40 deg and a tern designed so that a failure will cause a dis-
constant approach speed. connect and warn the pilot without disturbing the I

thrust setting.
A furter reduction in noise will result if the fol-
lowing approach is used: flaps 20/40 deg down to 2.8.2. 2 Operation
approximately 500 ft height at normal approach The automatic flight cý-trol system includes a
aiped plus a given aipeed increment, reduce mode selector panel mounted below the centerthrust and start extending flaps to 30/50 deg, then are shield and a steering control panel on the
increase thrust at an altitude of 300 ft after de- center aisle stand. The steering control panel I
celerating to normal approach speed. Trim gives the pilot his choice of heading select or
changes are quite small due to the small thrust bank angle control and vertical velocity control.
and speed change required. The attitude during The auto-throttle controls are adjacent to the
approach is the same as that for a normal ap- mode selector. C
proach. On an ILS approach this procedure may
be accomplished using the autopilot and auto- The operation of tho automatic flight control sys-
throttles; however, it can also be handled by the tern can be monitored by observing the approach r
pilot using the flight director and auto-throttles. progress display above the ADI. This display in-

dicates the mode of operation on lights which turn
For a VFR approach, the procedure is feasible amber when the system is armed, and green when
using manual throttles, because the airspeed rate the system engages. The modes displayed are [
information will assist in resetting approach localizer, glide slope, flare and go-around.
thrust. Community noise profiles and contours
for tie decelerating approach are shown in Instrumentation for monitoring the performance
Figs. 2-59 and 2-61. of the system is displayed on the ADI. Raw data L

localizer, glide slope, altitude and speed from

The versatility of the B-2707 during approach is the selected values are displaý .d on this indica-
illustrated in the noise trade plots, Figs. 2-62 tor, in addition to flight director commands and
and 2-63. roll and pitch attitude. Vertical velocity is dis- L

played on an adjacent instrument. Combining
2. 8. 2 All-Weather L-'4Ang Capability and data on the ADI and grouping instruments pro-

Procedure vides the pilot with a complete situation and L
velocity display within his cone of vision.

2.8.2.1 Introduction
The B-2707 will be certified for landing in weath- Pilot procedure for operating the all-weather
er minimums of 700 ft runway visual range (RVR). landing system is similar to the procedure for [
To achieve this goal a fail operational automatic operating the systems presently certified on the
flight control system, with the capability of con- 707 'nd 727 airplanes.
trolling the airplane to touchdown, is installed.
A fail passive auto-throttle system is installed to Maneuvering, in response to ground radar in- L
control the airspeed on the glide slope and to structions can be accomplished with either the
reduce thrust for landing. turn controller or the heading select control.

The auto-throttle syatem will maintain the desirod |
SThe fail operational flight control system can srq- airspeed. The radio control panels for frequency
taln one failure and continue to operate without a selection are located adjacent to the autopilot
degradation in performance. A second failure z.ode selector panel. This selector also supplies
will result in a disconnect withouc disturbing the information for the ADI. The course selectors
flight path of the airplane. for selecting ILS courses are located on the auto-

pilot mode selector panel so that the complete
The thrust control does not demand the same approach situation can be made xith one position
degree of attention as the flight controls. There- of the hand.

I[
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I Table 2-D. Descent Rates

3 B-2707 (GE)

Gross Weight at Beginning of Descent = 400,000 )b

Thrust = Idle

Standard Day

IWing
Sweep Rate of
Angle, Flaps Landing Vc, Altitude, Descent,3 Degrees Degrees Gear Spoilers kn ft fpm

42 0/0 Up Down 240 4000 1,670

I 42 0/0 Down Up 240 4000 6,090

30 5/5 Up Down 240 4000 2,480

30 5/5 Up Up 240 4000 6,075

30 20/40 Down Down 180 Sea level 4,095

30 20/40 Down Up 180 Sea level 6I080
30 30/50 Down Dowp 180 Sea level 56480

30 30/50 Down Up 180 Sea level 7,465

30 30/50 Down Down 135 Sea level 2,755

30 30/50 Down Up 135 Sea leve! 3,610I

I
I

V4-B2707-1
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The land position on the mode selector panel is down, *L0 microamps (1/4 DOT on the ADI) of the
selocted prior to intersecting the localizer. The localizor beam and, *3 knots of the selected
looaliser, gUds slope, flare and go-around light speed. A detailed discussion of the automatic I
on the approach progress display is amber in the landing system capability is contained in the
arm oondition. After selecting the land mode the Flight Controls and Hydraulics Subsystem Speci-
heading elect control is used to maneuver the flcatlon, D6A-10120=-. (See Fig. 2-64.)
airplane until it reaches the desired position toUbegin the looalher capture. After localizer cap- 2.8.3 Go-Around Capability

tare, the VOR/LOC light co the approach progress The 4- and 3-engine wave-off or aborted landing
display turns green and the system automatically capability at maximum landing weight, and the
captres and tracks the localizer. When the air- minimum control speed for this condition is shown

plam Intersects the glide slope beam, either in Fig. 2-65. Less than full rudder will be re-
t.mk below or above, the sysen,& auiematically quired in the event of a go-around with one engine
capture and track the glide slope. The glide out. The 3 engine rate-of-climb is impressive
slope lg will change from amber to green. even with landing flaps. Climb gradients in excess

of 9 percent are available at maximum landing
At a flare altitude o," 75 ft. the flare light turns weight with 3 engines at maximum dry thrust.
from amber to green and the flare coupler con-
trols the airplane to touchdown. . 8.4 Handling Characteristics

The low speed pitch characteristics in the landing
configuration have been studied on the Boeing and

The pilot follows normal gear and flap procedures NASA-Ames simulators. Angles of attack up to
and selects the desired airspeed on the auto- :5 deg have been accurately simtalated along with
throttle control panel. The auto-throttle system estimated effects out to 50 deg angle of attack.
holds the deairoed airspeed until flare. During Th most recent data indicates the CL maximum
flare the auto-throttle system reduces airspeed is s3ached without stick for-e reducing to zero.
as a function of altitude. Beyc.n' CT maximum, a very minor pitch-up is

noted whih can be easily checked at any point
Flight tests on the 707 airplanes have shown that with sn0ll nose-down elevator application, The
de-crab prior to touchdown is not required for fact that tL., airplane is controllable to all angles
crab angles less than 10 deg. However, manual of attack ur to 40 deg indicates that there is no
de-crab !as possible through the rudder pedals, "deep stall'c r 0roblem. is
because the autopilot and stability augmentation "I
signals are introduced to the rudder through a The trim changej due to flap extension, sweep

series of actuators. Runway rollout is controlled angle variation, and spoilers are shown in
manually. Table 2-E in terms of elevon deflection. The

trimming required durig normal operation is
The automatic flight control system has a go- very small. The SAS ma.ntains longitudinal
around mode which can be initiated, after arming, trim thus relieving the pilot J frequent trim
by a switch on the throttle levers. The go-around changes.
system rotates the airplane for climbout with a
minimum altitude loss after initiation of the go- The lateral-directiomal dynarn•c stali.Wy and
around. Throttle control is manual during go- handling characteristics of the B-2707 -.-e cor-
around mode. siderably better than pxesent-di-, comirerc i.l

jetE. There is practically no du !ch roll evident
The automatic flight control system and the auto- in approach and landing conffigrations. The air-
throttle system control the airplane to touchdown plane shows very littl.ý tendency to sideslip or
in the atmospheric conditions specified in the yaw adversely dur-ing tui ý entry. The dihedral
current FAA stan&ard and maintain the airplane effect is very low so ro rolling motion is gener-
within 135 microamps (1/2 DOT on the ADI) or ated by the slight adverse sideslip. Roll damping
12 ft of the glide siope, 2.8 ps1 fps at touch- is agood.
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In addition, the SAS off characteristics appear to
be satisfactory in that no difficulty is encountered airplane with SAS off are sluggish, but no diffi-
in performing an ILS on instruments to touchdown culty was experienced ,accomplishing normal
with deviation data alone. Turbulent weather landings. The necessary attitude change, is small
conditions may dictate an SAS off ILS limit cf because of ground effect so that the s•.tk rate is I
100 or 200 ft. However, flight director assis- readily arrested with small elevon deflection
tance is of some value in this remote situation 80,- to 10"0-ft above the ground. This compares
which occurs after three failures, with a sinilar elevator input at 60 ft above the

ground fo the 707-320.
The airplane handces A:ll in crosswinds because
of the low dihedral effect and the effective rudder. 2. 8. 5 Landing in Non-Standard Conditions
The low side force characteri.tic is also favor-- The landing pe-rformance of the R-i-'07 is much
able in crosswinds because it reduces cross track less crrtial to .,m-standard conditions than
drift during the de-crab maneuver. today's suoscnic jets The effects of high i•-bient

temperature :nrd landing on wet or icy runla~s
A maneuvering capability of 1.5 g is available 2re discussed in the following paragraphs.
during approach, and the landing flare and touch-
down is normally accor,'plished with a body atti- High temper..ture cause*s mn increase in approach
tude change of 1- to 2-deg nose up. The touch- true nirspeed, at the normal approach cailbratedOI down occurs at an attithde of approximately 7 deg. airspeed, which iyc-r.asea field length and bra7kng
The ground interference body angle is 11. 5 (;eg recuiremenýs in the same degree as for subsonic
with the landing gear struts extended. Simulator Jets. Available g-.,-arund thrust is also !ess on
studies show that the flare characteristics of the a hot dw•y. but it is mnort than 'adequate for safe
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Toek/ 2-E. Longitudinol Trin Chonges

Configuration Parameter . A Trim
Wxtial Trim Condition , Change Field Constant &lange

Fwd cg Aft cg 3
585 CR 62q CR

C•eftguration Spew enMus Flaps (Degree) (Degree)
____.____ - - -I

Matimum I -n .4 V SOff Up Extend land- 1. 4 Vs -10.4 -1.5
Wel•ht ALE - 30 (189. 5 i) tug flaps
dqrroea 19.

1.4 V3  Off Landing Retract flaps 1.4 Vs +10.4 +1,5
(157 kn)fap

1.4 V Off Up Max augen- S +2.0 +2.0S ted to takeoff
(189.5 kn) thrust

1.4 V S Off LnigMax augmen- 1.4 V S+2.5 +.
(lS~kn) flaps ted to takeoff sI+.

!i(1.7"4 Vkn Off I Gear down Speed Negligible

1.3 VS Off Max dry2
( 8 thrust Altitude +12.2 +3 -

j145.8 •) { Retract flaps

1.4 N Off ! Speed change Altitude -5.4 -1.251 t o* 1 .1 v V
( 157 k n) (1 3 [

1.4 Off Speed Altitude +5.9 1.2Ii i c:.anges to
S(157 kn) v•'

.- •, (195 kn)

1on Up 5'; l2

I

Ofttlb e to climbout (cg 59i -. 5

LE Rderees 01.4 N's 7,0 72 (aV 1, 5lkn}
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j [ operation, even on three engines without thrust nal dynamic stability is similar to that of current

augmentation. No change in operating technique subsonic jets during their normal landing ap-
results from "hot day" conditions, proach, and no longitudinal stability augmentation

is required. Without stability augmentation,
Thrust reversers are used to compensate for dutch roll damping is similar to that of the unaug-
reduced wheel brake effectiveness on wet or icy mented subsonic jets. The augmented B-2707 is

runways. The distance over a 50-ft obstacle on a considerably better than current stability aug-
wet runway with four engines in reverse thrust is mented subsonic jets because the turn coordinator
slightly less than the normal iiry runway FAR and yaw damper will aid in maneuvering the air-
field length. The reverse thrust is very respon- plane by eliminating induced sideslip during turnsI sive and effective, and convenient to the pilot, and rough-air flight conditions.
Thrust reversers, ground spoilers, and available
wheel braking are initiated after tuuchdown with Maneuvering load factors up to 2 g can be attained
the airpiane in a three-point attitude. Full at 205 knots for the forward cg limit case, whichI reverse thrust is maintained down to 60 knots, is more severe than at normal cg. A large mar-
Reverse thrust is used at reduced engine rpm gin of excess thrust is available at this approach
below this speed. speed. The variations of thrust and drag with

speed are slightly unstable; however, simulator
S'2.9 ABNORMAL OPEILATIONS tests have shown that glide slope control is not

Propulsion and cabin pressurization failure con- difficult. With wings aft, standard day, wet run-
ditions are discussed in Par. 2.6.4. way, the landing distance over a 50-ft obstacle is

6, 030 ft when utilizing 4 engines in reverse N
2.9. 1 Three-Engine Landing thrust (Fig. 2-66).
Normal approach and landing techniques and
speeds should be used on three-engine landings. S-,I)U Fartial reverse thrust should be used; full reverse ,",t w.,,. rs we f ,

FLAP sWglin * a DIS
thrust may be used on svmnietrical engines. STAN"" O- U16 LAVt

Adequate directional control is available " ith nose U

wheel steering after touchdown to relatively lcw
_ 22

ta~xi spe-eds. This condition is further discussed
in Pars. 2.8.1.2 and 2.8.3.

2.9. 2 Wing ,'ecp System Malfunction 2-O The wing sweep actuating system has three inde-
pendent hydraulic power sources and incorpc rates >1 180
dual structural load path. and dual actuating
torque tubes. One hydraulic motor will drive the
wing swing sweep at 1 /3 speed. Failure of the 'a
wing sweep mechanism is. therefore, considered
ver" unlikely. N , I, ,, . , ta t sm m N l -

l~andring the 8-2707 with the wings swept aft .
(72 dg) is vern similar to landing a present-day S 4

subsonic jet with the flaps retracted. The recoin- am Wow -. g uan. &S ;I mended approach speed for a Boeing 707-3 20 for
a flaps-up approach on a 3-deg glidk, slope is
approximatelv 180 knots. The B-2707 nmay --
proach with the wings 72 deg at 205 k!ots. To

umirniize the approach speed. fuel is used or A * =
jettison-d to reach a wings-aft landing weight of F
350. 000 lb. With the wings in the 72 deg position. 4

no~ trailing edge flaps and onlv the leading edgr , .~ . ~ 4

strake slat is extended. Positioning the alternate . Ad. cQ ]t C •.--
slat lever extends the inbnati' slats to 25 deg and
increases available rudder to 12 deg. Longitudi- Fi.t. 2-6" Ladi, PoSa4tic.

In
I'"



Electric sensors on the wing pivot, flaps gad 2.9.4 Three-Engine Ferry
slat positions, sense motion at symmetrically The three-engine-ferry takeoff analysis shows the
opposite locations on the airplane. An electrical ability of the airplane to take off on 3 engines at
comparator is connected to a hydraulic system maximum dry thrust at a weight of 550,000 lb
tor asymmetric pro' ction. Manual override is with a FAR field length of 9,200 ft. At this take- Jj
provided for malfunctions of the wing sweep of! weight the B-2707 (GE) will have a subsonic
asymmetry protection. A separate sensor is used ferrý range of 2,640 nmi. This range is based on
for measurements at each surface for flight deck having no payload for the flight. The subsonic f
instrumentation, cruise would be conducted with a wing-sweep an- 5
The wing sweep programmer controls the wing gle of 42 deg at Mach 0.85. The cruise altitude
swe•e drive unit and schedules the translation of would be approximately 35, 000 ft. In actual prac-t drivingedge unaps and s uletens inof the tice, when rudder becomes effective (Table 2-B),tradling edge flaps and partial e xtension o the the 3 engines could be brought up to an augmented
eading edge slats. If the wing sweep fols to move takeoff thrust setting during the ground roll,

because of an asymmetry control trip, it can beimrvntaefpromnccnsdaby
overridden by the wing sweep asymmetry over- improving takeoff performance considerably.
ride switch. The procedure is as follows: 2.9.5 All-Engine Out Operation i

a. Use normal sweep speed schedule. The B-2707 MMoor normal descent schedules
may be used In the four engine inoperative flight
condition. These schedules superimposed uponpositione the engine relight envelope are shown in Fig.
2-67. The figure indicates that an engine relight

c. Move wing sweep asymmetry overri,½ is possible at any point along the descent sched-
i (This ule, with windmilling engines and with or withoutswitch to dsired fordedo ant positio el n, i h boost pumps (GE). It may be necessary to de-

switch is sprina loaded and muat be held until the botpms(E.I a encsayt escend below the normal schedule for engine
sweep matches the position called for by the wingec, eo h oma ceuefregn
sweep lever.) restarting with the P&WA engines (Fig. 2-68).

d. Monitor the pilot's control wheel and wing The P&WA engines provide adequate windrillllngsweep Mndicator for pomlot otrolwel r onse wpower down to and includlng landing flare, should
sweep indicator for normal roll response. all engines fail. The GE engines provide suf-

ficient windmilling power down to an airspeed of •2.9.3 Loss of Stability Augmentat~ion Mach 0.75. Below this speed, supplemei'tary

The unaugmented B-2707 is flyable throughout the hydraulic power is proveed by means of a ram
operatiing range without stablitty augmentation. air turbine. p
In the regions where Instrument requirements are
the mobt stringent, namely area departure, Electrical power, except for enghie ignilon, is
climbout, jubsonic cruise, arrival, approach,
and landing, the unaugmented B-2707 is slightly provided by a battery- inverter combination.

Engine ignition is supplied from a seprate pow-more sluggish in pitch and similur in lateral- er supply which is capable of developing suf-
directional characteristics to current large jet ficlent power from the generators at windmil-
airplanes. The stability a'gmentation system lng speeds.
refines ýhe airplane free dynamic stability and n
handling qualities. These refinements are The P&WA engines provide the means to distri-
ensured even with a single augmentor failure. bate the hydraulic loads tc obman optimum usage
Triple augmentation channels are provided '.n of the hydraulic power available from the wind-
pitch, roll, and yaw axeq. A fourth electronic milling engines during the all -engine out situa-
channel is provided in the pitch and yaw axes. tion. The hydraulic loads sre distributed among
If a chabne! frel s, the augmentation authority the three hydraulic systems by selectively clos-
wil not be reduced. Sice the gLin in the remain- ing the electrical shutoff valves in two of the
lag channels will be stepped up to compen-sate for three power systems on each of the flight power
the 16ss. The first failure of a jingle system does control units. This is accomplished by the ALL
not disengage the SAS, but the failed system auto- ENGINE OUT HYDRAULIC POWER switch on the U
matically sLuts off. A second fiLlure will diien- aft end of the aisle stand which is in series with
gage the S;AS, but the airplane will remain in trim.

I
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te normal control circuits to the shutoff valves The main gear system hydraulic manifold
in th oe oto nt.equalizes shock strut loads, keeping the centroid

connected to of the main gear supporting forces aft of the cen-

00 llen4n ,8 12 6 20 24 2.8 0 4 .8 M
1 .2 

NU
1• 2.0 24 2.8

Fiyurem 2-67 B -hydraulic sp nd Rpessure lines to ter of gravity of the airplane so that the nose

provfde supplementary hydraulic power during wheel always has a load. The four main landing

the all-engine out situation, The turbine is e:-- gear "trucks" provide a higher degree of safety

tended and retracted by a hydraulic actuator and because of the inherent redundancy of the four

" is operated by the ALI, ENGINE OUT HYDRAU- independent gears in the event of a main gear

LIC POWER switch, malfunction. In the event one gear does not
extend, its manifold to the other gear would not

I 2.9.6 Landing Gear Malfunctions function. There would be a minor change In

The landing gear is normally powered by hydrau- nose-wheel load, but no significant pitching

lic system C. Any gear can also be operated by tendency. A normal landing can easily be ac-

the standby hydraulic system. The standby complished with the nose gear and any three

g hydrauli.; systeim is powered by B system with main gears extended.

electrical power backup. Should both hydraulic
systems fail, 'he nose gear and both forward 2..h6.1 Main landing Gear Malfunction ,

main gear will free fall to the dowr and locked The airplane can aluo be landed safely withI? pseither forward or aft gear pairs in the retracted
piopositions.

V4-PD2707-1
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If the landing Is made with the two aft gears re- 2.9.6. 7 General Considerations
tracted, the airplane may tip back gently on the Landing gear malfunctions occur occasionally on I
tail skid (ventral fin) after the airplane has been all airplanes. The pilot's decision will be

stopped, if nothing is done to prevent this. Nor- influenced by the circumstances. The available
mal wheel braking and elevator control will hold landing gear configurations combined with the
the nose down until the airplane comes to a full structural and system integrity provide the pilot I
stop. with a level of redundancy and safety much higher

A safe landing can also be made with the nose than present-day commercial transports. I
wheel, one forward and opposite aft main gear Should the ultimate gear design loads be exceeded
extended. during landing, the gears are designed to fold aft

about their normal trunnion axis as follows: the
2.9.6.2 Two Main Gear on Same Side and Nose rear gears fold aft into their normal stowage 0

Gear Extended cavities; the front main gears fold aft under the
The wingtip will contact the runway as aero- structural wing box; the nose gear will fold aft
dynamic control decreases below that required under the body.
to hold wings level. Directional control can be Fire hazard from spark ignition is remote because U
maintained by a combination of nose and main the nose wheel is far forward of the fuel areas.
gear steering and wheel braking. Minor damage Failure of the main landing gears will not damage
will occur to the wingtip, the primary wing structure containing fuel.

2.9.6.3 Nose Gear Up - All Main Gear Extended 2.9.7 Wing Flaps and Slat Malfunction
Normal approach and landing technique should be High-lift devices are: inboa; d wing trailing edge r
used with only the main gear extended and the flaps, outboard wing trailing edge flaps, inboard
forebody (movable nose section) extended to the wing slats and outboard wing slats. The wing
s full down position. The forebody will serve as a flap control level and wing sweep control lever
i skid local deformation of the forebody and will operates through the flap-wing sweep programmer [
absorb the landing impact at the nose so that the which provides mechanical scheduling of sweeploads in the basic structure, including the flight and high-lift systems.

! crew compartment will not exceed the designstrength. Fore and aft translations for the outboard wing [
flaps are controlled by the wing sweep zontrol

A2.9.6.4 Nose Gear Extended - Main Gear Up lever. Rotation of the outboard wing flaps and
Approach and land at normal speeds. The air- operation of the inbo Ad flaps (fixed wing) are con-
plane will touch down on the ventral fin (tail skid), trolled by the wing flap control lever.
engine pods, and nosewheel. Minimum structural [
damage will occur to the airplane. Spark ignition The inboard flaps (fixed wing) and inboard and
hazard is minimized by confining spark genera- outboard slats operate from twu hydraulic sys-
tio:i to the ventral finwhich is aft of thefuel areas. tems. The outboard flap systems operate from

three hydraulic systems. All high-lift devices
2.9.6.5 No Gear Extended are symmetrically driven through separate gear
Approach and land at normal speed. The airplane oxes and torque tube systems. Asymmetry
' will touch down on the ventral fin and engine pods. 'detection and control is provided without override
The forebody will contact the ground and absorb 1apability.

E the energy Rs described in Par. 2.9.6.3.

Failure of any high-lift device to operate as

Swheels are equipped with an anti-skid system sequenced does not prevent .he wing from being
with each wheel individually controlled. The os positioned to the forward-sweep position.

of two brakes on one side will only slightly effect Possible wing flap failure situAtions are as
directional control. The loss of two brakes does follows: (1) loss of inboard flaps (fixed wing) and
not significantly affect braking performance.

V4-B2707-1
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B loss of inboard and outboard slats results from Failure of the second E/C channel in an axis
siimultaneous loss of hydraulic systems A and C; requires the pilot to determine which of the
(2) split of either movable wing flap systems channels has failed and then he must manually
could result from a failure of the torque tube or select the channel functioning properly.
ball screw drive unit. The only action required
by the pilot is to add the appropriate correction Should all three E/C channel fail in one axis,
to the approach speed. the airplae can be operated normally through Lhe

autopilot or through the cable system, with an
2.9.8 Primary Flight Control System Malfunction increase in control column force on the axis
The primary flight controls consist of elevons; affected by the E/C failure.

primary elevators and auxiliary elevators for8 longitudinal control; ailerons and spoilers for The flight control system is designed with multi-
low-speed lateral control; elevons and spoilers ple backup capability in each axis. Should an
for high-speed lateral control; a rudder for abnormal condition occur on one control axis,
directional control. The elevons are used for the first and normal response by the pilot should
longitudinal control with wing flaps extended. be to apply opposite control to stabilize the air-

"ing supersonic flight the elevons are operated plane. Dual load path design in the mechanical
diwerentially for lateral control and symmetri- systems with override devices permits the pilot

Scally for longitudinal control. All control surfaces to use whatever forces he considers necessary
are actuated by three independent hydraulic to free a ja:arned or malfunctioning control
sources except the auxiliary elevators which are surface.
dual.
Normal operation of the control column produces 2.9.9 Environmental Control Abnormal Operation

a signal which is sensed by force transducL.rs Any three of the four air-conditioning units will
and fed into the electric command system (E/C). provide adequate cooling and ventilation for aandhed inCsyto mmdfe the seecri command s ste aEccod fully-loaded airplane. If an engine is shut down,
The E/C system modifies these commands accord- the affected accessory drive system (ADS) and

ing to the flight conditions and produces an elec- cabin air compr~assor can be operated by bleed Itric signal to the longitudinal and lateral master air from the operate bi air
servos. The servos drive the surface actuators air from the operating engines. If the cabin air
and backdrive the control column through dual compressor is inoperative, the air-conditioningU cable systems in the direction of the applied unit can be operated with engine bleed air. ndi-
force. The cable system from the control col- vidual electrical override control is provided for
umie to the master servos is the alternate method the temperature control valves in case of anf of operating the primary control system. The inoperative automatic temperature controller.
cable system has force authority over the electric Electrical override is also provided for the ram
command system. air doors that control the amount of coolant air

flow across the heat exchangers. If two air-f If loss of one of the three hydraulic systems conditioning units are inoperative, the airplane
occurs, the airplane can be flown at all speeds. will be decelerated to subsonic cruise.
Thc airplane can be flown at subsonic sp eds with
the Loss of two hydraulic systems; however, con- If the automatic pressurization control is inopera-
tinued operation is not recommended. To guard tive, the out-flow valves may be positioned elec-
against pos~iible adverse effects of a second trically from the flight deck by use of the manual
failure at supersonic speeds, it may be necessary pressure controller. In the event that cabin alti-
to decelerate to subsonic speeds. Co'itinued tude is increasing, the intrawall exhaust is closed
supersonic operation after a single hydraulic sys- to minimize the loss of cabin pressure.
tern failure is a design objective of Phase III.
Programs to effect this capability are disccssed 2.9. 10 Flight Deck Oxygen SystemU in the Aerodynamics Design Report, V2-B2707-3, Crew oxygen is available for use in case of a loss
Secs. 4.0 and 5. 0. in pressurization or smoke in the flight deck.

Quick donning masks are stowed at each flight
In the event of a failure of the el.!ctric command deck crew station. In the event that crew ox) gen

Ssystem (E/C) normal operation is maintained is required, the crew members will don their
with a single channel failure - ao pilot action is mask and select either 100-percent oxygen or
required. diluter-demand. The 100-percent position is
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used when there is smoke in the flight deck. position and bypass position indicators on the
flight engineers panel.

2. 9. 11 Hydraulic System Abnormal Operation
The three main hydraulic systems (A, B, and C) 2.9.13 Abnormal Fuel System Operatin
have indicators and controls for identification and Infllght engine shutdown requires crossfeeding
isolation of faulty components. If a single hydrau- fuel from the inoperative engine's fuel tanks to
lic pump low pressure light comes on, the pump the operating engines. To maintain the airplane's
is turned off and system fluid quantity and pres- center of gravity within limits, the fuel in the
sure are checked. In the event of a system over- inoperative engine's fuel tanks must be consumed
heat warning, the system pumps are turned off by the other engines.
one at a tCme to isolate the faulty pump. (The

effect of hydraulic system failure on flight control If a single fuel boost pump failure occurs, the
has been discussed previously.) If system C is inoperative pump is switched off and fuel is sup- u
inoperative, the landing gear and wheel brakes plied with the tank's remaining boost pump or
will operate from the standby hydraulic system. pumps. Failure of all boost pumps in any one

tank requires the fuel manifold to be connected to

If all four engines of the GE-powered airplane any tank with operating boost pumps. E
are inoperative, a ram air turbine can be lowered
into the airstream and will provide sufficieat If all boost pumps fail due to a complete ac elec-
hydraulic control power at approach speed. The tric power loss, all fuel manifold valves are
P&WA powered airplane has sufficient hydraulic closed. With no boost pumps operating, the fuel
power from the windmilling engines to accomplish feed system will still satisfy emergency engine
a landing flare. fuel requirements. The engine fuel shutoff valves

and the fuel crossfeed are battery powered when
2.9.12 Abnormal Engine Operation normal electrical power is not available, thereby
An engine fire, low engine oil pressure. loss of permitting operation in an emergency.engine oil, oil overheat reading, excessive

engine vibration, or loss of steady fuel flow may The airplane is equipped with a fuel dump system. U
require engine shutdown. The enge is shut down Dumpirj is accomplished by opening each tank's
in flight by reducing the thrust setting to idle and dump valves and the two dump nozzle valves, and
placing the mode selector lever in the SHUTDOWN then actuating the respective fuel boost pumps. [
position. The automatic inlet control system will The dump system will automatically shut off to
contract the centerbody to its least expanded con- maintain the required fuel reserves.
figuration and open the bypass doors. A switch
on the pilots' aft overhead panel actuates the 2.9. 14 Forebody Abnormal Procedures
engine windmill brake, thereby reducing the The movable nose section has provisions which
engine rpm. prevent damage or faulty operation due to accumu-

lation of water, slush, ice. or dirt. If one of the
In the event of engine fire, moving the thrust dual electric motors faii, the --jher motor will
lever to idle and the mode selector to SHUTDOWN raise or lower the nose at a reduced rate (30 sec-
shuts off the engine fuel. .N'lling the fire handle onds). If the electric alternate system fails whileon the pilots' overhead panel shuts off the hydrau- the nose is in the up position, the nose can be

lic fluid supply, engine bleed air, secondary air lowered by manually disengaging the uplock and U
Sflow, and the ignition system, arms the fire friction brake which allows the nose to free fall.

extinguishing system and deactivates the genera- A visual flight simulator study shows that landing
tor. The fire extinguishing switch is located next the airplane with the forebody in the cruise po:i- L
to the fire handle. If the fire persists, a second tion is possible.
source of extinguishing agent is selected and
discharged. 2.9.15 Abnormal Electrical System Operation

Failure of one ac power source may require
If a complete hydraulic or electric-•! failure some nonessential load reduction. If two power

occurs in the automatic inlet control system, the sources fail, supersonic flight may be continued.
centerbody will contract and the bypass doors To assure maximum system reliability, the
will open. The inlet can then be controlled man- remaining two generators are isolated by placing 1
ually through the control knobs on the centerbody the bus tie switches to MANUAL OFF.
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fI Supersonic flight cannot be maintained when three instance, in the case of wings-aft landing, the

of the four generator power sources fail. Sub- approach speed is based on a margin over the
sonic flight can be maintained since fue; boost minimum practical speed, considering the pilots'L pumps are not required for this operating, visual angles and the tail contact body attitude.
condition.

2.11 PILOT VISIBILITY
In the event of loss of all generators in flight, the The B-2707 flight deck and forebody configurationD standby system automatically powcrs the battery provides visibility comparable to or better than
bus and the inverter bus for 30 minu tes. The that provided in current large subsonic Jet trans-
inverter bus is capable of handling those loads ports for landing, takeoff, and other airport
essential to transition frcm sup'ersonic to sub- traffic conditions (Fig. 2--69). The design to
sonic flight, controlled subsonic flight, and provide this visibility and the visibility at super-
landing. sonic speeds is based on the requirements of the

Federal Aviation Agency and the more stringent[ Impending failure of a generator may requirc requirements proposed by the Society of Automo-
disconnection from the ADS by placing a switch to tive Engineers (SAE) Committee on Flight Deck
the disengaged position. and Handling Qualities Standards to the SAE

Aerospace Standard 580.r! In the event of smoke in the flight deck or passen-
ger cabin, discc:nnect each part of the electrical 2. 11. 1 Transonic and Supersonic Visibility
system by operating the individual load bus The visibility guidelines are established by
switches. After the smoke source is located and FAR 25. by the Tentative Airworthiness Standards
deactivated, power may be re-established, for Supersonic Transports, and by the Proposed

Ij Revision A to the Society of Automotive Engineers
2. 10 STALL SPEEDS AND CHARACTERISTICS Aerospace Standard 580. The Tentative Airworth-
The stall speed with wings forward and flaps down iness Standards state:
is defined as the speed below which the maximum
lift coefficient (CL) develops lift equal to the "(c) Pilot compartment visibility provisions
weight. The approach to the stall is easily shall be established such that the pilot with normal
detectable in flight, as it is characterized by an and reasonable motion of the head and eyes will

excessive nose-high attitude, heavy buffet, some have external vision to the extent defined for the
lateral--directional instability and an obvious sink operating conditions listed below:
rate. Simulator tests show that full thrust appli-n cation will effect immediate recovery from any (1) All flight regimes. The pilots shall
such unusual condition with practically no loss in have sufficient view forward along the flight path
altitude. The angles of attack associated with the and to the side to permit observation of cloud
apparent stall speed are in the 18- to 20-deg formations, other airplanes, and to provide visual
range, which in itself is a warning to the pilot, orientation during normal flight or incidents

I. The stick shaker will also provide suitable stall involving attitude changes."
warning. There are no adverse stall character-L istics, such as pitch-up or sudden rolling ten- The proposed SAE AS 580 requirements state:
dency, evident in the angle-of-attack range up to
stall, with wings forward and flaps down. * "During transonic and supersonic flight, the

pilot shall be provided with a minimumSThe flaps up stalls, with wings forward. have no visibility of 3° above and below the flight

adverse handling characteristics, but the mini- path plan and 2-1/2° left and right of the zero
mum speed is less easily detected. With wings azimuth, unbroken. " Transition to the upper
aft, the maximum angle of attack is not limited and lower angles of Par. 2 (Par. - of SAEU by wing stall as such. The angle of attack will AS 580 defines the subsonic upward and
exceed 30 deg without reaching maximum CL's, downward vision requirements outboard of
but the drag will be increased significantly. straight ahead) should be achieved as quickly
Therefore, the minimum speeds with flaps up are as possible as the azimuth moves outboard,
based on a practical angle-of -attack limit con- and the visibility shall be unbroken to the
sidering airplane geometrm. !ýýteral control, and maximum extent possible. In addition,
the regime of flight under consideration. For "visibility shall be sufficient to provide
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LANDING POSITION S~I

/

Figure 2-69. 8-2707 Fo,.body I

horizon reference during upset conditions transparency provisions which provide the field

involving combinations of pitch attitudes of of view shown by Fig. 2 -70 and illustrated by
100 nose up to 20" nose down, and roll F~gs. 2-71 through 2-76. Typical window struc-

attitudes of 45' left or right of level. tural features are shown on Figs. 2-77 and 2-78.

0 Artificial or indirect means may be used to The Airline Avionics, Flight Deck and Flight
auagment the above; to offer visibility in Operations Specialist Team have gone on record

excess of that above, for which direct vision as stating- "Crise visibility, as a practical,
compromise, is considered acceptable with the

is considered a requirement. nose raised."

* Aircraft using fairings over the windshield Extensive optical studies have been conducted in
shall provide for sufficient visibility to land the laboratory and in flight ( Ref. 3 and Fig. 2 -79) *
the aircraft by visual reference, day or night, to ensure tl.at the design is satisfactory with'
with the fairing in the supersonic position." respect to considerations of glare. distortion,

reflections, and transmissibility, Lnd attention

Dynarmic simulntor studies with participation by has been focused on the detail design to ensure 3
Airline, FAA, Military. and company pilots tnat there are no structural hot spots which would

(Refs. 1 and 2) have led to the selection of cause crew discomfort through localized heat

V44-12707-, 1
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CAPTAINS SEAT
AS 580 EYE ROTATION

UPWARD

400

- F "t-F -F-+ !--LEFT HEAD . iwI• 7 - .---RIG3HT HEAD

1300 ROTATION 907 ROTATION

30*

B-2707 EYE
ROTATION
DOWNWARD

Figure 2-70. B-2707 Nose 1ip Vision Polar

\ \
N. ALTITUDE 65,000 FEET

• ALTITUDE 65,000 FEET IN NOSE UP 20
* aB = 60 (IG LEVEL FLIGHT) "OL..

Figure 2-71. Captain' View in Level Flight Figure 2-72. Caotain's Vie% in Level Climb

"•rlnsfer. For additional discussion refer to the horizon can be seen at cruise attitude and altitude
Flight Simulation Program, V4-B2707-13 and the throughout. Adequate field of vision, to satisfy
Human Engineering Program V4-B2707-8. the most extreme conditions of the proposed

revisions to SAE AS 530, is provided for attitude
The resulting design is one which permits forward reference in the event It may be needed to permit
vision directly ahead, left and right, and above successful recovery from an upset condition. The
and below the line the line of flight. The earth windows will permit observation of cloud forma-

V4-B2707-1



VIUE65,OM FEET 0 ALTITUDE 65,00 FEETI
*NOSE UP 2O NOSE DO"N 10'

Figuew 2-73. Copteen's View in Climbing Turn to Left Figure 2-75. Captain's View in Descending Turn to Left

0ALTITUDE 65,000 FEET

* ALTITUDE 65,000 FEET NOS R OLL- R lHTe 5

At speeds below 0. 9 Mach and 395 knots CAS. the tions may be used during subsonic flight, as
selection of any forebody position betweeni full up desired. The forebody operation is by a normial
and full down will be the captain's choice. The and an alternate electric motor driven bali screu
supersonic configuration will be used during (Ref. Training and Training Eýquipmnent Program.
transonic and supersonic flight, Rnd it is expected N -B270-7).- The design also proic orfe
that the captain will employ this configuration :&dl lo~&ering of the nose in the event of failuieL
during the time of 'light when all air traffic is the dual power system.

L under ATC control, such as in the positive control
area above F L 240 ov-er the continental L'. S. , or Subsonic visib~lity reqjuirements arc defined by
during cenditions when all flight is restricted to FAR 25, including the Tentative Airworlihnvss

I FR Standards for Supersonic Transports, and hv the'

N* V-B27,07-1
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GLASS Proposed Revision A to the Society of Automotive
'Engineers Aerospace Standard 580. The B-2707
design complies with all of these criteria, includ-

Li- PLASTIC ing the most critical requirements for vision
PLI during landing approach. The proposed revisions

to SAE AS 580 are the most definitive in this
respect, and currently include two proposals. The

[ -RUBBER first states that: "with the airplane on a 2-1/2 deg
glide slope, with its wht.els at 100-ft altitude, in
landing configuration at maximum landing weight,
under 1,200 ft RVR conditions and zero to maxi-
mum crosswind yaw, the forward and down visi-
bility angle, as measured from a horizontal plane

through the design flight eye position, and in a
vertical plane coincident with the flight path to

Figure 2-77. Foresbody Window Lower Sill account for yaw, shall permit the pilot to observe
a horizontal distance fore and aft on the surface

GLASS FRONT WNDOW of the ground equivalent to the distance travelled
in three seconds at approach speed." The second

^LASS SIE proposal requires that under the same conditions
WINDO ATSthe pilot should be able to see either the thresholdN I GOLD COATS or wing baL approach lights plus three other

GGLASS approach light bars from a 2-1/2-deg and a 3-deg
glide slope. Since the first proposal is the more
demanding and represents the standards provided

GLASS in current jet transports, it has been used as the

design criterion.
A Figure 2-80 shows the landing flap setting, atti-

RUBBER tude, and speed trades for a normal landing
condition. The design point for down vision is

PLASTIC -ACRYLIC based on an approach speed of 135 knots with

GOLD COATS flaps fully extended. More down vision results
from increasing the approach speed, such as would

Figure 2-78. Fixed Windthild and Post be the case in crosswinds or turbulence, and
approach noise can be reduced by using a lower

" S.• ',)0 CAI•,LEPO*ER flap setting and more speed. It is noted that at
LI T SOURCE the 135-knot design point, the B-2707 approach

IGA noise is approximately 1/4 the intensity of that
E --.YE TES- from current jet transports.

L "" tFigures 2 -•1 and 2-'2 show, for comparison, the
CtiE T" approach down vision geometry of the 11-2707 and

the 707-3210C. The 1-2707 compliance with the
criteria is sl~ghtlv superior to that of the 707 -320C.

Figure 2-13 shows the subsonic vis:on envelope in

comparison with the SAE AS 580 criterion- It is

noted that the 11-2707 field of vision is substantiallv
greater through all windows than is required by
the criterion. The field of view through the for-

(1 ward wndo%,s is shifted downwards 3 deg to
F~qvrw 2-M9 Optical Test Lot compensate for the 6--dcg nose do.,n seating planc

V 1-B2707- l
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FULL PAYLOAD AND RESERVES
GE4 J5P ENGINE
8= BODY ATTITUDE ABOVE HORIZ
e= o.Y

12, Y 25" GLIDE SLOPE _

1201

PRSE~SNT 4NSPOR JETS 77*, 14

C- -•

I, 1.0 1il 145 17,

V APPROACH -KNOTS

Filtr 2-W80. Typical Appijach Noise -- Velocity Trades

I IIr

f i

"_Filw 2-81. B-2707 Ao Vso, Fiqw,* 2-82 707 Approac Vision

of the pilot, relative to the fuselage Jatum. 1ela- Simulator studies, have shown that landing car.. ht
live to their seating plane, the pilots will have safely executed with the visibility available in the I
23 deg of up and 16 deg of down vision- nose up position, in the unlikely event f dual
FIgure 2-84 llustrates the c ain' vsibilt mechanzao failure and failure of thc free fall

system Such an appr-ach and landing Aoula bron approach with his wheels at 100-ft altitude. The perfurmtd with use of the gtlde slope and local -first officer's visibility is identical but of opposite zer ficil~ues and by increasing the speed b%
/ ~~handzr alte adbinrsigtesedy
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CAPTAINS SEAT

SAE 07 EYE ROTATION

SADOWNWARD

AS 580 U W R

707 N 400

F -:,T.:.ED' , H E A DR IG 11T H E A D

•,C'; ROTATION 900 A RTAIO

F-2707 EYE ROTATION
DOWNWARD

Figure 2-83. B-2707 Nose Down Vision Polar

approximately 13 knots to achieve the best vision TV as a pilot vision supplement were startcd in
(Fig. 2-85). December 1965 (Ref. 4) and in 1966, inflight tests

were made in a 707 (Ref. 5). A typical TV pic-
Figure 2-86 shows a comparison of B-2707 and ture is shown on Fig. 2-87. Operation modes
707 taxi vision. Forward vision is superior to which have high potential are taxiing, approach
that of the 707, but side vision is not quite as and landing, inflight viewing of equipment and
good because of the greater height of the eye external airframe surveillance.
position above the runway.

The Boeing SST project pilot conducted the tests
2.11. 3 Rain and Fog Provisions of Ref. 5 and he is confident that landings can be
Windshield wipers and rain repellent are used for safely accomplishr.d with vision information
rain removal on the two forward fixed windows, supplied by TV, providing attitude and altitude
Anti-icing is provided through electrical heating references are superimposed on the display. In
of the outer panes of these same windows. Fogging addition to augmenting windshield vision, a TV
does not occur because of the insulation character- camera located on the lower fuselage will provide
istics of the coated multi-layer glass panes and an image of the approach lights when visibility
air spaces. On the two forward fixed windows, conditions precludc this for the naked eye because
heating is applied to the bird-proofing interlayer of windshield geometric down vision cutoff angle
material to mairtain maximum energy absorption limitations. Because of the promise of combining
elasticity. This heat will also act as a fog pre- a TV picture of the real world with typical atti-
ventative. Test Integration and Management, tude director information, laboratory development
V4-B2707.-10, See. 1.0, describes the rain work of an installation for 707 tests is in progress.
removal, anti-icing, and defogging systems. Results from cruise vision tests have shown

inadequate picture contrast and resolution; how-
The forebudy side windows are provided with an ever, it is expected that advanced secondary
anti-fog protection system. Rain removal and emission conduction (SEC) TV equipment will
anti-icing provisions are not required for normal show considerable improvement over the vidicon
operations. it was the consensus of the airline used in the experiments.
team representatives that these should not be
provided for abnormal operations. The prototype will be fitted with a TV installation

for evaluation of the requirement for vision aug-
2,11.4 Pilot Vision Supplement mentation during ground maneuvering. This
Laboratory studies on the use of closed circuit installation will also provide for further evaluation
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Figure 2-84. Captain's View on Approach

of its usefulness for vision augmentation during areas from the froLt to the side. The possibility
cruise flight and landing approach. of using this capabiiity is extremely remote

because of the provision of a dual power source
2.11. 5 Abnormal Operation and free-fall capability for lowering the nose.

a. Nose Mechanism Failure in the Up
Position b. Landing with the Wings Aft 1

Simulator studies have demonstrated that Landings with the wings at 72 deg will require

landings can be safely completed with the nose three to four degrees more nose up body attitude
locked up. The runway is visibly at 100 ft altitude than normal, and therefore the horizontal surface
through the forward nose window, as shown in visible in front of the nose will be reduced by I
Fig. 2-85, at an approacb angle of attack of 250 ft. Under VFR landing conditions this will
7 deg, which corresponds to an approach speed of not present a problem. The visibility will also be
148 knots with full payload and reserves. As the adequate for the least demanding of the two pro-
airplane approaches for the flare, the edges of posed revi3ions tc SAE AS 580 for Category II H
the runway app,2ar stccessively in the window landing conditions, as nGted ia Par. 2.11.2. I!

V4-B2707-1
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9 MAIN WHEEL HEIGHT 100 FT from the failed system side by increasing the
9 GLIDE SLOPE 2.50 subsonic speed to increase kinetic beating if the
a ANGLE OF ATTACK 70 airplane flight plan precluded the use of altitudes

where temperatures above freezing prevailed.

f. Defogging
Defogging provisions are provided on the six

nose windows to remove fog which can result12 during climb. In the event of failure of a system
the visibility through the affected windlow would be
temporarily lost until the glass was sufficientlyI

-. .. heated by kinetic heating to cause its remcval or
until frost, which might form as a result of sus-
tained low speed high altitude flight, had I

suliatd

2.12 CREW WORKLOAD ANALYSIS
The objective of the analysis was to determine

Figure 2-85. Captain's View in Nose Locked up Approach flight crew workload during a normal flight profile
U and to identify mission segments or operation

c. Windshield Glass Failure which create an excessive demand on the crew or
See System Safety Plan, V4-B2707-6 for crew member. A secondary objective was to

details of the effects of windshield glass failure. compile an integrated, serial description of crew
. wtasks to ecover all systems and/or subpysems

d. Rain Removal System Failures controlled, used, or monitored by the flight deck
The rain removal system employs both a crew.

wiper system and a rain repellent system.e The
wiper system is required for taxi operations where 2. 12. 1 Flight Deck Provisions

thr iinufcetardnmcfoovrheThe -fibligty dekhroughites accmmodaionso forl bea

Fj windows to permit the repellent system to work. three-man crew and two observers. Figure 2-88
LI The repellent system is adequate for all flight shows the flight deck crew and observer stations.

situations. Commercial airline practice has been followed
ut.roughout the analysis in designating the crew as

Failure of a wiper systera will cause the captain, first officer, and flight engineer.
associated window to be without rain removal
during ground taxi. This is not considered to be 2.12.2 Flight Profile and Mission Segments
hazardous. An examination of the functional flow diagrams

(Ref. 6) resulted in the selection of Function 1. 3,
There are two rain repellent systems, cne Transport Payload, as the most represopentative

for the captain's wi:edow and one for the first function which could be examined in detail on a
S officer's window. A crossfeed feature provides timely basis. This function covers all flight crew

for the event of failure of one supply system by functionb from engine start through supersonic
routing fluid from the operative system. In the cruise phase to postflight engine shut-down. One
unlikely event of failure of both systems the operation unique to the B-2707, inertial navigation
wvindshield wipers may be used. checkpoint insertion, has been included within the

engine start analysis because it is performed
e. Anti-icing Failure onboard by a flight crew member aind must precede
Anti -icing is provided for the captain's and start-up even though ahe c meration is unrelated to

rst officer's front windshields. In the event of starting engines. Flight profile mission segments
failurepof one system the other pilot would assume parallel the sub-funckions of Ref. 6 because of
visual responsibilities. The ice could be removed clear cut lines of demarcation between them.

V4-B32'i 07-1
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SIAM auto-throttle, and I-NAV systems engaged from

* ""the earliest moment of the climb segment. The
airplane wouid be shifted to MANUAL autopilot
mode for the descent phase and a fully manual

• W landing conducted while under visual flight rules.
"Sti Three timeline charts summarizing the task

IF X` analysis data were prepared (Figs. 2-89 through
SON gu2-91). Each of the seven mission segments of

lr, .Function 1.3, Transport Payload, is plotted ino•.•..-,•l -. ••-- serial order. Each operation within a segmentis listed serially followed by a bar representing

Figure 2-M. 8-2707 and 707 Taxi Vision the estimated real-time required by the flight
crew or crew member to perform the operation.

Those selected for analysis are as follows: When concurrent operations occur, the time bars
overlap. During the climb, cruise, and descent

* Engine start segments where tasks are largely repetitive andTJ adthe times extensive, the time bars are broken to
save space and avoid unnecessary duplication. A

9 Climb work load summary at the bottom of Figs. 2-89
S• Cruise through 2-91, represents that proportion of eachcrew member's time required to perform his

* Descent tasks. In addition, whenever the airplane is in
motion, each crew member is assumed to be

• Land workedto 50 percent of capacity with routine
* Taxi and Park (inc!uding shutdown) instrument monitoring, adjustments, scanning for

other traffic, intra and extra .irplane communica-
A generalized supersonic flight profile was used tions, etc. The cross-hatchea portions of the
in preparing the workload analysis. Detailed workload summary represent e:-iods when the
profile descriptions are presented in Airplane pilot and co-pilot are dependent .ipon visual ref-
Performance, V2-B2707-4 and -5. erence wh lly or in part to control the airplane.

For example, external ground checks of flight
2.12.3 Work Load Development and Ground Rules controls, taxi operations, takioff, and climb-out
To determine crew workload, a detailed task until instrument flight operations could be
analysis on a real-time basis was performed. employed are cross-hatched functions. All other
Each mission segment was broken down into functions are shown as solid blauk bars.
essential operations consisting of a number of
tasks or sub-tasks. The level of detail was 2.12.4 Crew Workload Study Conclusions
extended to every known or deduced movement of In summary, no critically high crew work loads
controls, levers, knobs, reading of instruments, are apparent. Marginal workload areas occur
radio or voice communications performed by the when nian'ial functions predominate because of the
flight crew. Each of these tasks was assigned an time compression of supersonic flight operations.
estimated performance time in increments of one Where automation is used, the problem of mar- H
second or more. The outline of operations and ginal performance disappears. Lb .3ystem defini- U
tasks was based on a similar study of commercial tion progresses and more comprehensive simula-
jet airline operations. Details of unique opera- tion data becomes available, the crevi workloads
tions were conducted in parallel with systems and will be re-evaluated, especially thome ncw L
subsystem development. Information to fill indicating marginal performance.

1 procedural gaps was derived by examination of The preliminary investigation shows no problems
control layouts and display panels. during normal flight. However, emergency con-
The flight profile was assumed to be a continua- ditions may tax the information assimilation
tion flight and as such the Inertial Navigation reaction capability of the flight crew. Detaile'1
(I-NAV) gyros would require a minimum warmup. task analyses of emergency flight operations will
The flight would be flown on autopilot in the be conducted during Phase III. Other situations
AUTO NAV mode with the stability augmentation, relative to normal operations and unique to super-

V4-B2707-1
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U Figure 2-87. Teleyised View of 707 Landing Gear

D sonic flight may be discovered during simulation During Phase III, preflight and postflight crew
studies and more detailed analysis. activities will be added to the task analysis.

Studies will be made to define system checklist[ In addition, activities which were found to be time requirements and procedures, with particular
consuming will be further studied in Phase III. attention given to ensuring their compatibility with

operational time constraints.
The I-NAV system gyro warmup time must be

- considered in programming airplane turnaround 2.13 DISPATCH AND FLIGHT WITH
time. The insertion of I-NAV checkpoint data is INOPERATIVE UNITS
time conuming and at least the first checkpoint
must be inserted before engine start. Each check- 2.13. 1 Minimum Equipment List
point inserted will require approximately 65 sec- FAR 121.627(c) permits the publication of a mini-
onds of complete attention by a crew member. mum equipment list (MEL) designed to provide
This crew member must be on board the airplane operators with the authority to operate an airplane
sooner than required for present jets. Additional with certain items or components inoperative
checkpoints (up to 7) could be inserted while provided an acceptable level of safety is main-
enroute, tained by appropriate operating limitations, by a

transfer of the function to another operating com-E Additional study is required to determine the ponent, or by reference to other instruments or
extent to which VOR or conventional ADP naviga- components providing the required information.
tion systems load crew functions and to determine The MEL does not include obviously required
the most efficient and practical balance between equipment such as structure, nor does it include
these conventional navigation aids and the inertial items which obviously do not affect airworthiness,
navigation systems. such as passenger service and entertainment items.

0
V4-B2707-1
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Figure 2-88. General Flight Deck Arrangement

A tentative MEL has been prepared for the B-2707 Because of the extensive nature of this tabulation, U
with operating limitations noted and is available only one page is shown in Fig. 2-93. The entire
for on-site review. Figure 2-92 presents a page tabulation is available for on-site review.
from the tentative MEL. The final MEL will be [1
negotiated among FAA, the participat~ng airlines, 2.14 GROUND ENVIRONMENT FLEXIBILITY
and The Boeing Company. The B-2707 is adaptable to the various groux~d

operations and conditions in which it will operate.
2.13.2 Preliminary Operational Equipment This adaptability is the result of studies and

Tabulation analysis of airline operations, investigations of
A Preliminary Operational Equipment Tabulation airport suitability and experience gained in
has been derived to indicatL the capability of the successfully deploying subsonic jet transports
airplane to continue flight operation with equip- with many of the world's airlines.
ment inoperative. This list is used for analyzing
reliability, safety, and related factors of the The B-2707 can land at the airports which accom-
B-2707 airplane. modate present large jet transports, such as the

707 and DC-8. In the normal landing configura- [
Thib list has been tabulated to show equipment tion, the wings swept forward and flaps extended,
requirements for continued subsonic or supersonic the B-2707 approach axid landing speed is equiva-
operation over land and water at high and low lent to or less than present large jet transports.
altitude. These equipment considerations are U
probably more stringent than would be encountered The B-2707 airplane has pavement depth require-
in actual use and, therefore, present a conserva- ments equal to or less than existing jet aircraft.
tive evaluation of the ability of the B-2707 to This is accomplished by a four wheel four truck
operate successfully in airline operation. main landing gear which applies four loadingU

V4-B2707-1
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minimps to the paoement, each cssentiea lly thcit scm Throughout the ground operations flight crew

of the loading grourps on the D(-8-55 (usl is the visibility is equivalent to that of current jet
fl b seln objective). Section 4.0 tio this doun1cnt transports. With the nose tiltede the B-2707

shows the 1-2707 to have ain excellent degree of clears objects, such as snow banks and fences
aondpatibiity w oith respect to its effect upon the 48 in. high. Additional clearance is attained by
opvement complexes of 15 international airports raising the tilt nose which has a response time os
in the Ur nited States. 15 seconds from full down by the full up position.
rhe l6 main landing gear wheels are equipped Intermediate positions are also available. Steer-

whith brakes sized to provide the pilot with adequate ing capability on the rear main landing gears as
ground control of the airplane during all taxi well as the nose gear permits the n-2707 to
conditions. The brakes are controlled from the maneuver on the ground with maximum case. The
rudder pedals a id are used to aid the airplane in pilot wiii have ni difficulty in maneuvering the
turning as well as braking. B-270 7 onto or off the runways and steering theL airplane into a parallel, canted or nose in parking

SLanding the B-2707 on rough runways will have positioih. A TV display of the airplane under-
minimum effect on the airplane and the, comfort carriage for aiding ground maneuvering, is pro-

U of the passengers. The landing gears have coin- vided onl the prototype airplane. This display will
I] pression strokes and compression r~atios which be evaluated during Phase III to determine its

shock of rough ruinw\ays during the landing rolloutD and ta,'i cpcrat~ions. 10or the analysis of 13-2707 "The B-2707 is equipped with an a'ccssory drive

S operation on rough runways see the Airframe system, which is shaft-driven from the engines,

air start turbine on the ground. This feature per-P The B-2707 extended flaps prevent, ingestion of mits the AD6 to be used on the ground as an
foreign objects which mybe thrown upby the optional means of supplying ground electrical andI

main landing gear wheels during takeoff, Landing, hydraulic power. A high pressure ground air
01' taxi operations (F.ig. 2-94). supply is used to drive the air start turbine, and

L4B70-
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SITENTATIVE MINLMUM EQUIPMENT LIST

AIRCRAFT: B 2707 REVISION NO. PAGE

DATE: 7-29-66 24-1

SYSTEM & 1. REQUIRED FOR DISPATCH OF ALL FLIGHT

SEQUENCE ITEM CONDITIONS EXCEPT AS PROVIDED IN COLUMN 2

"11NUMBELS 2. REMARKS AND/OR EXCEPTIONS
24 ELECTRICAL POWER

U -1 Generator 4 One generator may be inoperative provided
electrical loads are monitored.

-2 Generator Temperature - One for each operating generatorP, Indicator

-3 Generator Automatic 1 May be inoperative but manual paralleling
Paralleling System procedure must be followed if generators

are to be operated in parallel.

-4 Transformer Rectifier 6 Nos. 1, 2, 3, or 4 T-R's may bc inoper-
ative. One essential T-R must be oper-
ative at all times.

0-5 Frequency Light - One for each operating generator.

-6 DC Voltmeter I

-7 DC Ammeter I

-8 Battery 1

1 -9 Generator Systen. 9

Annunciator Panel

L -10 Standby Static Inverter 0

-11 External Power 0
(ground) SystemU

SFigure 2-92. Tanfotive Minimum Equipment List

VI-B2707-1
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the ADIS transmits shaft power to the hydraulic loading techniques and equipment. The B-2707
pumps and electric power generator. allows the airport operators and airlines, flexi-

bility in determining and planning the most suit-
*The high pressure ground air supply which is able utilization of passenger loading doors to fit

used to drive the air start turbine for ADS opera- present and planned airport facility arrangements.
tions as well as for engine starts, may be also Using the forward 2 loading doors, 277 passengers
used to deliver air directly into the environmental can be loaded in 9-1/2 minutes or unloaded in
control system to provide ground cooling in lieu of 8 minutes.
a low pressure ground air -conditioner.

In general, the B-2707 can be accommodated by
ln addition to ground power provisions the B-2707 using existing servicii.g equipment at airports
is provided with onboard standby battery power, equipped for subsonic jet transports; however,
which can be used in emergency situations to for most efficient service some modifications to
augment, or substitute for, external ground existing equipment and some new equipment is

electrical power. recommended as discussed in Par. 3. 7

The B-2707 is towed by tug and tow bar attached The B3-2707 wiil permit loading of loose or con -
to the nose gear. The larger tow vehicles pres- t~ainerized cargo at the option of the airlines.
ently in use by the airlines for use with subsonic Provisions are included for. an automatic cargo
jet aircraft are capable of towing the B-2707 on loading system which will raise the cargo from

ijpercent grade and dry pavement conditions. the ground and traverse it to the stowed posiLion,
or interface with the ground loading equipment

The B-2707 is designed with four passenger load- which raises the cargo or baggage to the carg-.
ing doors on the left-hand side of the airplane compartment floor level. Using the gr-iundt
which will permit rapid loading and unloading of loader will requirp that the cargo or bagr-ge be
passengers. The two forward passenger loading moved to tJ.e stowed position manuaily.

doors will interface with present ground loading

equipment, such -s rollup stairways or extensionL
jetways. The two rear passenger luading doors,
if required, will require e~xtension of current

V4-B2707-1
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The fuel system is designed to accept fuel from Provisions designed into the B-2707, such as quick
existing mobile and fixed fueling facilities through access to maintenance and service areas, self- 3
receptacles provided on both the right-band and test features, and replaceable modules will facili-
left-hand sides of the airplane. A fueling control tate both maintenance and ground operations.
panel is provided adjacent *o one fuel receptacle
to permit complete controi and monitoring of the The design and maintenance planning for the
fuelng operation f.-om the exterior of the airplane. B-2707 stresses features for improved conditionvisibility for all elements, so that the "on condi-

In performing departure operations, the B-2707 tion" maintenance concept and the extenod
may be moved from the loading dckk under its own service life established for the airplane and its I
power or may be started in position and then equipmen• .. •i be achieved. Condition visibility.,
moved by a towing tug. critics) item redundancy, deferred maintenance

capability along with the scheduled inspection
cycle programmed will allow the B-2707 to operate
in the subsonic jet ground environment.
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S3.0 ENVIRONMENT INTEGRATION

3.1 INTRODUC'ION 80
This section reports the results of studies and 80
analyses performed during Phase 11-C on tur- /
bulence, ozone content, radiation, particulate
matter, air traffic control (ATC), navigation,
communications, ground servicing, ground han- 60
dling, and maintenance. The results of these PRESSURE /
studies ard analyses are reflected in the design ALTITUDE[ of the B-2707 and ground support equipment. /
More detailed informnnticn on these subjects can l000 FT
be found in other volumes of the Phase III pro- 40
posal. Reference will be made to these volumes
where ap;,,ropriate. 1/

3.2 TURBULENCE 20 REGION OF OPERATIONAL

G FOR SUBSONIC CRUISE

3.2.1 Improved Capability /
An improved operational capability with respect
to avoidance and penetration of moderate to /U) severe turbulence exists because of the following i I
factors: 0 20 40 60

* Reduced cruise gust environment MAXIMUM GUST DENSITY ( U ) FT'•-C

* Improved National Airspace Systems

0 Improved weather forecasting F 9gure 3-1. VGH Sampling Enveiope From AirplaneU • Refined stability augmentation system (SAS) Operations (Including U-2)

• Greater structural margins These same sampling operations have produced
* Improved ride qualities in turbulence well defined information on the average amount

of time spent in turbulence and the probability of

An expanded view of these and other factors encountering various levels of turbulence
azsociated with turbulence operations is provided (Figs. 3-2 and 3-3).
in the following paragraphs.

3. 2. 3 Avoidance
3. 2. 2 Atmospheric Structure Greater turbulence avoidance will be possible

Extensive velocity, normal acceleration and alti- under the planned ATC system. Enroute! tude (VHG) sampling programs in the lower (ARTCC) and terminal departure/approach
atmosphere (i. e. below 35, 000 ft) have identified (DEP/APP) radar systems are planned which
turbulence levels associated with normal avoid- will incorporate auxiliary radar monitoring sys-
ance practice. Limited sampling of the upper tems adjusted for weather detection only
atmosphere (i. e. 25, 000 to 75, 000 ft) by U-2 (Fig. 3-4). An expanded conthýoller team havingL aircraft have supplemented the lower altitude one additional man pnr team will space-phase
data. These data identify an envelope of turbu- both traffic and potentially turbulent weather
lence intensity (Fig. 3-1) which has a remote zones. Although weather radar detects precipita-

i probability of ocmurrence in normal operations. tion areas only, experience with the system will

I {
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greatly improve turbulence avoidance
capabillties. "II

U-2 DATA (NASA TND.548) A !TH F

-' PREVIOUS AIRPLANE DATA 0 To 2 A

(NACA TN-4332)2TO 
" -

60 TO -

LLJ 0T 0

"6- L{]

-CA-20-2E

ALL INTENSITIES

La LL IO' IVY

4 5 0A15_0

L •PERCENT OF TIMFi SPENT IN ROUGH AIR *-j

Figure 3-2. VGH Exposure Record ID 0 0o 00 o 4 SobA sSTATISTICAL GUST INTENSITY (U DIFT/SEC

improvements will include better definition of (Averaged)bak
S~tropospheric properties as relatea to turbulenee unlike weather radar it does not depend on bc- [
S(e. g. thunderstorms and jet streams). scatter from particulate matter but depends

i instead on backscatter from refractive eddies inSAlthough there is presently an insufficient amount the atmosphere. Experiments by Boeing with r
of information on the incidence and mechanisms both ground and airborne meter-wave radar have £of turbulenc e in t he Eratosphere Reasonable been moderately successful. Although a special
Ito expect significant advances in turbulence pre- CAT detection system is not presently planned
bidiction techniques. Current research (USAF, for the B-2707, company participation in CAT

imh wallow avoidance of disturbed strato- opment will continue.
tropospheric prea The relative utility of n a system
(efg.r tutoma detection, recording, and reporting :3.2.4 Handling Qualities m

njudged after more results are in The airplane is designed to provide optimum
from ugh current research efforts e as the USAF E xpeturbulent conditions.ePosith

HICA T program. damping about all axes is provided by the stabilityo augmentation system (SAS). In addition, consid- hv
Considerable effort is being expended to develop erable SAS authority is provided for handling U
toa clear-air turbulence detection system with qualities improvement. This authority is adequate
adequate warning for the pilot. Pilot avoidance for the most severe turbulence, and saturatio. of
f action depends on warning time ,oand on how well the SAS is not a limiting factor. The SAS also
rthe system defines the turbulent cell. A promis-

ing detection technique is meter-wave radar;

V4-B2707-1
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SPRECIPITATION provides an attitude-holding capability which per-
ZONES mits low-gain attitude stabilization in severe tur-

bulence with the autopilot disconnected. Reliability
is provided by triplication and monitoring so that
the SAS is fail-operational with no degradation in
system performance. Pitch and yaw remain
fully operational after two channel failures while
roll remains operational after one failure and
passive after two failures. Detailed discussion
of SAS design is presented in the Aerodynamic

(a) AUXILIARY SCOPE (WEATHER SETTING) Design Report, V2-B2707-3.

3.2.5 Structural Margins

AIRCRAFT Gust margins in turbulence will be greater than

TARGETS in the past due to the modifying Influence of con-
sistently greater wing sweep on design criteria
relationships. In addition, a wing-aft position
for descent may be retained if turbulence is

•I \expected in the terminal area. A considerable
amount of load relief in turbulence is afforded by
the reduced lifting properties inherent in wings -
aft operation. Additional relief is afforded by

(b) PRIMARY SCOPE (TRAFFIC SETTING) any wing flexing which does occur. Figure 3-5

shows typical gust margins with the wing at 42
Figure 3-4. Planned ATC Radar Display (1975) degrees sweep and at 72 degrees sweep. High-

3.0 3.0

UP-GUST MARGIN -'- 3.0 UP-GUST MARGIN-

4272~ASV b GUST -2.0 ,,-\- -0-

2.0 1 -
20 -GS

VVc GUSTT -

1.0 -- :z - 1.0--

L Vd GUST

0 - "0
. - 200 400- 2 -U40N

EQUIVALENT EQUIVALENT
SPEED KNOTS SPEED KNOTS

-1.0 -. -1.0 -- .,,. -

(a) SUBSONIC V-n DIAGRAM (b' SUPERSONIC V--n DIAGRAMI. Figure 3-5. Representative Gust Margins
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altitude gust sampling programs to date have any intermediate configuration, as discussed 3
indicated a very significant reduction in gust under Par. 3.2.4. Subsonic turbulence penetra-
environment for cruise (See Fig. 3-1). The tion speeds for intermed~ate wing positions are
overall subject of design for gust loads is dia- maintained at 300 kn as shown in Fig. 3-6.
cussed extensively in Airframe Design Report, I
Part C, V2-B2707-7.

320
3.2.6 Ride Comfort OPERATIONAL CONCEPT
Improved crew and passenger environments in FOR INTERMEDIATEPOSITIONS -
turbulent air are anticipated for any wing-sweep
position, particularly during wing-aft operation
because of -eduction in the lift curve slope. The
longer, more flexible, fuselage structure is I]
expected to improve conditions because human o
response at lower frequencies (r,•ar 1 cps) results "
in less discomfort than at the higher frequencies 3_
(4 to 6 cps) characteristic of existing civil trans- ,J
ports. Wing-forward operation should be supe-
rior to that of present subsonic jets principally NTE. SPEED SELECTIONT
because of the lowered fuselage frequency. The -JCONSISTENT WITH
greater wing sweep (42 degrees) employed for _ SUBSONIC- JET PRACTICE
subsonic flight provides an additional improve-
ment in ride comfort. An expanded discussion of "U

ride comfort is- presented in Airframe Design,
Part C, V2-B2707-7, with particular emphasis on
B-70 ride qualities. Coordination with the FAA,
the NASA, and North American Aviation Inc. is
being maintained and B-70 data evaluation will ___

continue. Phase III activities are planned to 420 720
include additional moving-base cimulator studies 0 "
beyond that discussed in V2-B2707-7. These WING SWEEP POSITION DEG L
studies will include investigation of possible Fi$,urc 3-6. Subsonic Penetration Speeds for
effects of low damping in elastic modes and of Moderate to Severe Turbulencepossible methods of improving the damping in the
event significant effects should be shown to exist.
Preliminary information in this regard is 3.2. 8 Operational Techniques
expected at an early date as the result of company Special operating techniques for use duriag severe
B-52 flight test programs presently being per- turbulence conditions have been developed in
formed at Wichita under Air Force Contracts recent years and have become an operational I
AF 34(615)-3753, Load Alleviation and Mode must.
Stabilization Program, and AF34(601)-25146,
Stability Augmentation System for Improved B-52 Pilot operation is as follows:,
Structural Life.

a. Maintain low-gain attitude stabilization,
3. 2. 7 Gust Penetration i.e. fly loose.
Subsonic turbulence penetration speeds for antic- b. Allow moderate variation in speed and
ipated zones of moderate to severe turbulence
are 320 kn wings fully aft and 300 kn wings for- altitude.
ward (42 degrees sweep). Supersonic penetration c. Do not change trim to any significant
speeds may have any value between 320 kn and extent. C
VNO minus 50 kn as desired to adhere to the
optimum flight profile for performance or econ-
omy. The airplane has excellent handling quali-
ties in turbulence in either configuration, or in U

I
V4-B2707- 1
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P Autopilot engagement is as follows: I] IfI' I 1 I IA
"1I 1 1 "%.6.

a. Disconnect promptly (SAS provides low- -V 
TO M

gain attitude stabilization)

b. Do not leave on MACH HOLD, ALTITUDE I . -

HOLD, OR RATE OF CLIMB HOLD modes. r

S 3.3 OZONE
The ozone concentration in the atmosphere,-
especially in the stratosphere, is of sufficient I

magnitude to influence the B-2707 design ,.
(Fig. 3-7). The stratospheric ozone concentration, -I

which reaches 8 ppm by volume at 70, 000 ft, mustD be reduced by a factor of approximately 50 before
entering the passenger and crew compartments r. 7 a - .1 1 A

(Refs. 7 and 8). U ...... -MINUTES

Figure 3-8. Prolonged Ozone Inhalation and its Effects on

40 1Visual Hemisphere

2 •AT M 000 FEET centrattons in the cabin can be held to a concen-

.01 tration of 9. 1 ppm or less during all phases of the
' -- flight. The disassociation of ozone is accomplished

Sin the air-conditioning subsystem by high tempera-
-. tures (5000 t" 1, 000°F) together with the catalytic

action of nickel-plated heat exchanger fins. For
o - -- - -details of the ozone disassociation analysis, see

the environmental control system description in

- - Zr: irframe Design Report, Part A, V2-B2707-6-1.
0.4 i .-- 3.3.2 Materials Protection

In addition to the possible toxic effects of ozone,
the degradation effects on nonmetallic materials,

0, f I especially rubbers, is also a consideration.
OZONE 'Oft Ozone Aacomposes at elevated temperatures. The

exterior surface temperature of a supersonic
Figure 3-7. Ozone Concentration in Spr;ng at High Latitude transport at cruise altitude will be close to 400 0F.

in Northern Hemisphere The thermal barrier of the shock waves is expected
to decompose the ozone. However, the effective-
ness of this decomposition has not been fully deter-
mined. Consequently, materials are being chosen

The maximum ozone concentration allowables for for their ozone resistance in additionco their high
the crew and passenger cabins, as established in

Sthe Tentative Airworthiness Standards for Super- ture constitute the major detrimental environ-
sonic Transports, are 0.2 ppm during normal entail condition for most materials. Specific
operations. This allowable may be exceeded for n aterlal choices are documented in Aiz'rame
short periods and is very close to ozone concen- Design Report, Part D, V2-B2707-8.
trations now being experienced in current jetaircraft (Ref. 9 and Fig. 3-8). 3.4 RADIATION

The galactic cosmic radiation, both primary and

[ An ozone monitoring system is provided in the secondary components, are of such low level that

airplane to give the crew a continual indication of they will create no hazard to the flight crew and
the cabin ozone concentration. Analysis, based passengers. Solar flares will occasionally gen-
on published test dnta, shows that the ozone con- erate dose rates in excess of present AEC human

V4-B2707-1
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tolerance levels. Investigations are continuing The corpuscular radiation at the cruise altitudes
to determine the dose rate considered high should not cause or contribute to any significant I
enough ',o warrant desc~eit to a lower altitude degradation of the materials of the airplane.
at the onset of a solar particle event. Data
obtained from the SST Radiation Environment 3.5 PARTICULATE MATTER £
Study, being conducted by the Air Force Weapons Particulate matter is not expected to cause any
Laboratory, will be used to aid in this study. effects to the surfaces of the B-2707 either by

erosion or chemical action because the concentra-
Solar ultraviolet is calculated to produce only tion in the stratosphere is so small. These aero-
minor degradation upon the airplane external sol particles, however, do collect radioactive
nonmetallic surfaces when combined with high materials Injected into the stratosphere by nuclear
temperature and low pressure. event. This should cause no problem in the future

unless the amount of radioactive material
3.4.1 Passenger/Crew Protection released in the atmosphere increases.
Provisions for the installation of an onboard radi-
ation monitoring system for the detection of the The total aerosol mass concentration 4n the (onset of solar particle events are included in the stratosghere is approximately 1.5 x 10-16

basic design. In the operational phase, the gm/cm, at stratospheric temperature and pres-
B-2707 will be linked to the NASA Solar Flare sure (Ref. 12). An aircraft traveling at 1,800
Prediction Network and to solar observatories mph would encounter 4 x 10-6 gm/cm2 of aerosol I
via ground-based computers. The flight crew particles per hour on a frontal area if there were

will be advised to descend to lower altitudes in no deviation of the airstream. However, the
sufficient time to prevent over-tolerance expo- effect of the large size and the configuration of
sure due to a high-intensity solar flare event, the B-2707 on the airflow would preclude effective

impaction of aerosol particles. Further, the

Simulated ultraviolet radiation as found at 70, 000 from aerosol particles is expected either from

ft is being combined with simulated flight temp- erosion or chemical action.
eratures and pressures in environmental tests to
evaluate exterior materials. Selection and qual- The natural aerosol particles in the stratosphere
ification of nonmetallic exterior materials is can collect radioactive materials injected into the
being based on these environmental tests (Air- stratosphere (Ref. 12).
frame Design Report, Part D, V2-B2707-8).

The following statement on radioactive particles
Discoloration of some paints exposed to solar in the stratosphere was published by Teweles and
ultraviolet radiation usually occurs at a decreas- McInturff on May 1966 (Ref. 8):

! ing rate until a saturation discoloration Istgreached. This saturation level is reached in "Radioactive material naturally present

500-1, 000 hours of exposure to solar radiation in the stratosphere is niot significant as L
(Ref. 10). Paint, specified for external markings, a hazard to SST operations. Further-
has been selected to with*tand normal more, artificially injected radioactive
radiation effects. material is negligible at the present

time and will remain so as long as there
For corpuscular radiation, a dose of the order of is a moratorium on the testing of nuclear
1015 particles per square centimeter is necessary devices in the atmosphere."
to affect paint films (Ref, 11). If the airplane U
were in radiation zones one third of the time, a The B-2707 has provisions for incorporating
flux of the order of 108 particles per square cen- radiation detection and filtering equipment in the
timeter per second would be necessary to give a event of an increase in radioactive particle con-
dose of 1014 particles per square centimeter in centration in the stratosphere (Par. 3.4. 1).
one ycar of operation. Fluxes of this magnitude

are found only in the heart of the trapped electron In addition to the aerosol particles, precipitable
anZI proton belts and in the solar flares and winds water particles must be considered. In the
beyond the earth's electromagnetc field. stfatosphere these particles will be ice in the U

form of hailstones, snowflakes, or ice crystals.
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S These particles may on occasion be enccuntered . Definition of the problem, comprising air
at supersonic cruise altitudes. Supeis onic flight traffic density distribution, flow pattern,
through a thick cloud of ice particles should be altitudes and speeds

Savoided, since reports show that considerable modifications, rearrange-
aircraft damage has been sustained in thunder- ment, or evolution of ground station equip-

storm areas. Howevar, supersonic flights ment to provide the necessary growth
through thin cirrus clouds have caused no detect- potential and accuracy requirements under
able damage to aircraft (Ref. 8). Weather radar, all environmental conditions
as described in Par. 2.8.2, is included in the
B-2707 and is capable of detecting thunderstorms . Design choices, definition and description
which are usually associated with significant of design principles and associated equip-

f formations of ice crystals (Airframe Design ment techniques

U Report, Part A, V2-B2707-6-1). ATC automation, description of ATC function

sfor a supersonic trans_ and related data processing and displayThe mpatio eficiecie fo a uperoni trns-equipment

port wi" be low for most surfaces. For rain
erosion protection a ceramic cap is to be used on * Operational summary, description of flight
the tip of the radome. through the compatible ATC system

3. 6 NATIONAL AIRSPACE SYSTEM Timing, scheduling for the progressiveS COMPATIBILITY development and implementation of new
The National Airspace System (NAS) provides the equipmtnt

"capability to monitor airplane relationships, to
adjust flight paths to prevent collision situations, The B-2707 airborne electronic equipment is

and to provide expeditious movement of airplanes. consistent with the present NAS environment and

The NAS must continue to be responsive to our exhibits the growth potential necessary to be

Snational aviation goals and objectives, and be compatible with the planned ATC ground facilities

capable of timely and orderly implementation at the time of SST inception into the airline fleets.

elimitations and constraints of the prac In addition, the B-2707 has flight characteristics
within the lin the terminal area compadble with other con-
tical woi d. The NAS is comprised of hetero-
geneous elements, which are: airplane, pilot, temporary airplanes.

airport, aeronautical information, ground con- 3.6.2 Communications
troller communications, navigation, rules and

Sprocedures, and ATC; the ATC being the super-
visory element. All of these components must be 3.6.2.1 VHF Communications
integrated in any airspace utilization system. Presently, the ATC system is faced with the

The system that provides for the movement of problem of expansion of the system's communi-
( airplanes must be cognizant of the above diverse cation capabilities. Air traffic controllers are

ee mentsbeaustbe ogntheizntiofathe abov e often required to share the use of channels be-F: (. elements because of their intimate interaction.
No element can be omitted without a degree of tween control functions. A direct consequence
loss in system integrity in any feasible and is the need for additional very high frequency

effective airspace utilization system. (VHF) communications channels.

The compatibility of the airborne communications In general terms, the solution to the prol:1 em

navigation electronics with the NAS is described requires more effective use of the radio spec-
trum. Channel splitting offers some measure of

in the following paragraphs. relief, but does not fully resolve the problem.
3. 6. 1 Air Traic Control A more efficient use of the radio spectrum

embodies the dat,,-link communications technique,
The vital role of the air traffic control (ATC) which significantly reduces the communications
requires a projection of its growth to evaluate time required for a particular airplane's messagii"and ensure compatibility of interfacing systems. transmission. With the advent of a time-sharing

ltshare the use of frequencies for various control

V4-B2707-1
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functions. Consequently, the problem of assign- coverage to operate with the present and planned
ment of frequencies to ATC ground units will be HF communications ground facilities. The modes
a less critical problem. The appropriate ground of operation available in the HF will be upper
unit will be automatically alerted by a particular sideband, amplitude modulation, and data. The
airplane's code, regardless of the number of air- data mode will be compatible with future data-link
planes transmitting on that specific frequency. operations.

The application of data link, with the accompany- 3.6.2.3 Satellite Communications (Satcom)
ing increased navigation aid accuracy in the ATC Current and forecasted air traffic densities in
system, will permit further reduction of cruise the North Atlantic routes necessitated the pro-
communications and will permit the airplane's posed implementation of a more reliable commu-
position in time and space to be accurately known nlcatiomr system than the present HF service.
at all times. Correspondingly, the terminal As currently envisionod, this new ccmmunicR-
area communications traffic will be significantly tions systL'm will be provided by VHF relay
reduced, through a synchronous satellite. Due to the

coverage of the proposed worldwide (excepting
With the implementation of the time-sharing data the polar regions) satellite network, this system
link communications, the VHF spectrum will be will be available to airplanes operating in national
provided with the number of channels necessary airspace.
for the ATC communications.

However, in the continental United States, a
The VHF transceiver selected for the B-2707 has satellite communications system will do little to
such features as: provisions for future use of enhance the VHF communications network other
angle modulation, synthesizer frequency control, than to add another mode of direct communication
adequate end-to-end checking of signal integrity, between airplanes and company stations. The
25 kHz channel spacing for anticipated increased flight routes terminating in the continental United
communications load, satellite communications, States where Satcom could provide primary com-
cammunicatalions. l, tmunications are the United States to Hawaii/
and data link. With these features, the proposed Alaska routes and arriving international flights.
VHF communication system will be compatible Satcom may evolve into an ATC system aid to
with the present and the future ATC system. provide ranging and other information necessary

to locate an airplane in a three-dimensional
3.6.2.2 HF Communications environment; however, initial satellite usage will
High frequency (FF) communications (2-22 MHz), be confined only to the communication function.
as employed by the commercial airlines, pro- This communications network will provide four
vides long-range, over-the-horizon voice to six channels in the upper range of the spectrum
communications. This system is not required of the VHF Aeronautical Mobile Communication
over the continental United States because of the Service.
availability of the more reliable VHF communi-
cations network, but will be available for use as The proposed VHF communication system for the
a backup. B-2707 includes provisions for the implementa-

tion of the equipment complement required for
Presently, HF communications are required for an airborne Satcom system, and therefore,
the continental United States to Alaska/Hawaii establishes compatibility for any Satcom usage
flight routes. The requirements for HF commu- envisioned in the future National Airspace System.
nications for the Alaska flight routes may be
clininated by the implementation of extended- 3.6.2.4 Ocean-Based Communications
range VHF communications. However, the HF The buoy system, as recently proposed and de-
requirement for the Hawaii flight routes will con- fined by the British Air Ministry for use along
tinue until either the VHF satellite communica- the North Atlantic flight routes, consists of a
tions cystem or the VHF buoy system becomes series of hardwire connected, large, stable in-
operational. stallations. These strategically located buoy

installations will house permanent maintenance
The HF communications transceiver proposed for crews, and will have antennas extending well
the B-2707 will provide the necessary frequency above rough sea levels.
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j This buoy system concept, or a similar arrange- altitude-cruise conditions. The accuracy of the
ment, could be dcrectly applicable to the conti- airborne inertial navigation system (INS) for the
nental United Sta•-s. to Ha iall/Alaska routes, and B-2707 Is expressed in circular error probability
also provide a method of fulfilling the require- (CEP), without updating, of 1. 5 nmi/hour for sub-
ments of the iA tional 2 Irspace System. sonic flight and 3.3 nmi/hour for supersonic

flight. Their ease of operation, automatic caps-
The B-2707 communications system is compatible bitity, and continuous system integrity monitoringO with the proposed buoy system. These buoys will will result in reduced flight crew workloads.
be utilized as relays to process the VHF ane ATC
beacon (secondary radar) signals from the air- Use of inertial navigators will enhance direct dis-
plane to continental ATC ,.enters A1a the hardwire patch clearing and parallel routing between
circuits. terminals allowing more efficient airspace utiliz-

[ ation and operating economy. They will provide

3.6.2.5 ATC Transponder continuous position information necessary forV Two mr'jor problems facing the ATC system are ac;--rate position reportir- and will be compatible
the reduction of voice communications and expan- with future data-link operations. Wind informa-
dion of the capability of the ATC Radar Beacon tion is continually computed for weather report-
System (ATChiBS) to accurately display the posi- ing. Precise positio, data can be used to mini-
tion of airplanes within the control area. mize the effect of sonic boom.

The B-2707 ATC transponder contributes to the With the future National Airspace concept of
solution of these two problems. The transponder parallel routing being planned by the FAA, the
ca,, decrease the number of communications by INS for the B-2707 will be the primary inavigation

, transmitting, to a ground facility, a code which device used In the accomplishment of this more
i, presents certain flight conditions. Codes indi- efficient method of utilizing airspace.
cating emergency conditions or complete commu-

nications failure are included in the ATC coding 3.6.3.2 Automatic Direction Finder and LOflAN
systen. The automatic direction finder (ADF) system on

the B-2707 will be used primarily as a backup
The 'mplementation of the automatic altitude system for terminal area and long-range naviga-

reporting function also will aid in relieving the tion. Over the continental limits of national air-
communications workload and in pinpointing the space, the ADF becomes the subordinate system
airplane's position. This function will provide the for the INS and the VHF omni-range (VOR) for
air traffic controller with each airplane's altitude, enroute navigation. The ADF can provide en-

LI without the need for voice communications, route position fixes in areas where VOR is not
usable or available, but still remains a backup

Provisions for a discrete airframe identification system to the INS. In terminal areas, the ADF

function are included in the transponder. The can be used by the flight crew as an additional
transponder is compatible with the National Air- aid for position fixing.
spac. System because it has the capability of
operating with 4096 reply codes, two- and three- rhe ADF is compatible with the present ground
pulse siae-lobe suppression, and will operate stations, and examin.ation of the future concept of
v-with the functions discussed above, the National Airspace System indicates continued

congruity. After the INS becomes generallyt ?.6.J Navigation accepted for airline operations, the redundancy

S3.6.3.1 Inertial of the ADF systems can be lowered.

L Inert!al systems will enhance airspace utilization LORAN can also be used for long-range naviga-

b because they are self-contained navigators capa- tion. Provisions are included in the 13-2707 tcu
ble of precision worldwide operation under any accommodate this system.
weathcr conditions and independent of ground
"based or other external aids. They are dynamic 3.6.3.3 Pictorial Display
devices capable of providing accurate guidance Review of the various available and projected
and attituae information during the long-duration, implementations of moving map displays has
hlgh- iccelerations profiles, at] high-speed and failed to justify assignment of prime panel sp-xce
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to a moving map display. Review and analysis of design and accuracy requirements for Category 1 1

requirements and capabilities of pictorial map and MI landing systems. They are further dis-
displays will continue to determine if benefits can cussed in Par. 2.8.2.
be derived from devices or concepts developeo in -he independent all-weather testing programs on
the future. 707-727 airplanes conducted at Boeing facilities,

coupled with detailed failure mode and effect
3.6.3.4 VORTAC analyses and accuracy studies on existing ILS
The proposed very high frequency omni-range systems, have substantiated the compatibility of
(VOR) and distance measuring equipment (DME) the selected equipment with the approach and 9
will be functionally compatible with the VOR and landing requirements of the National Airspace
DME ground equipment. The VOR receiver has System.
the ability to utilize the signal from doppler VOR
stations, which the FAA has installed. The DME 3.6.3.6 Radar
interrogator can presently operate on 126 channels The cloud tower tops of cumulo-nimbus forma-
with the built-incapability for utilizing 252 chan- tions will occasionally penetrate the cruise alti-
nels when channel splitting is implemented. Also, tudes in the flight corridors assigned to the
the DME and VOR systems will be operable to a B-2707.
288 nmi range at altitudes above 60,000 ft mean
sea level. In order to a-.ou such weather conditions at

supersonic speeds and remain compatible with 0
When flying below 45,000 ft the DME and VOR the National Airspace System concept, a weather
system installed on the B-2707 wiii Oc operation- radar system is installed with detection ranges
ally compatible with ground installations to the sufficient to allow the pilot to accomplish an
same extent as the equipment installed on present- avoidance maneuver characterized by the least U
day aircraft. However, when operating above lateral deviation from the prescribed course.
45,000 ft. there is a possibility that the airplane These selectable ranges of the airborne weather
"will be within line-of-sight range of two ground radar are 0 to 30, 80, 150, and 250 nmi with an
stations transmitting on the same channel. This expanded display range capability of 100 to
would cause the receiver to lose the original sig- 250 nmi. Aside from resultant maintenance of
nal in the transition region where neither signal an efficient and economical flight path due to the
is 8 db stronger than the other. After passing least lateral deviation maneuver, the extended
through this region, the second signal could pre- detection range of the weather radar yields addi-
dominate and a different bearing and/or distance tion-al time for the pilot to evaluate and choose
would be indicated. Unless the pilot was con- the best possible avoidance maneuver. In addi-
tinuously cognizant of the VORTAC indicators, tion, the least lateral deviation maneuver en-
the change of ground stations reception could sures that hard-cver maneuvers, resulting in
cause confus!on. exceeding the prescribed cruise corridor limits

will b- avoided.
The solution to this problem is the planned imple- ".
mentation b. the FAA of specific VORTAC ground Improvements in airplane weather radar sensi-
stations which kill allow VORTAC operation at tivitv and antenna stabilization performance will
high altitudes (above 45,000 ft) on a noninterfer- increase the qualit" of the weather information Ii
ence basis, displayed to the flight crew.

3.6.3.5 Instrument l.anding System Improved flight operation under adverse weather
The 1B-2707 Instrument landing system (iiLS) is conditions wi',in the terminal area ATC stricture
superior in accuracy and reliabilit-. to those svs- will be possible. Greater avoidance capabilit.
tems successfull used in the Boeing 1.o0,A- ti %%eather hazards \%ill be possible under the
Weather Minimums Test Program, while remain- 1975 ATC system due !(o improvements in th1
Ing compatible with rcsent-day II-S g:'ound I:.- ground stations and airplane weather radar s 's-
stallations; hence, no ground equipment modifica- temn. An expanded controller team having an
tions are required over those presently planned additional man per team will space-phase the air•'h !1-2707, local-f
for Category HI operations. The -" oa- traffic with the aid of the standb3 radar monitor-
17er. glide-slope recei\e", and radio altimeter Itg sNstem optimized for performing the weather
s\ stems are compkatible with the environmental functions.

V4 -1327 07 -!

114



3.7 AIRCRAFT AND ENGINE GROUND HAND- replacement of components, and conventional
LING AND SUPPORT repair of minor structural damage. A "boot-

strap" method can be used to raise and lower the
3.7.1 Summary entire propulsion pod (engine, inlet and exhaust)
Successful ground handling and support techniques or the engine section, inlet and thrust reverser
developed for the current generation of Boeing jet nozzle individually. A minimum of ground sup-
airnlanes can be easily updated to accommodate port equipment will be required to support the
the B-2707. The B-2707 has been designed with onboard maintenance capabilities of the airplane.
special considerations for state-of-the-art A maintenance analysis was conducted during the
methods and existing and planned ground equip- B-2707 configuratlon development period to
ment to minimize the impact on airline ground define the line and base maintenance support
operations and equipment investment. It is con- requirements. See Maintainability Program,
servatively estimated that the B-2707 will be V4-B2707-15.
compatible with 60 to 70 percent of the ground
handling and servicing equipment supporting sub- The results of detailed laboratory tests and heat
sonic aircraft in the 1970's. transfer analysis indicate that residual heat in

the airplane structure due to aerodynamic heating
Considerable preliminary design and analysis will not affect normal ground servicing operations
effort have gone into the handling and service (see Par. 3.7.2.3). Unscheduled maintenance in
features of the airplane, so that as many service heavy structural areas may require auxiliary
actions as possible can be performed simulta- cooling to permit rapid access, inspection, and
neously without interference with other services, replacement with ground times necessary to
and without jeopardizing safety. The B-2707 achieve an economical maintenance operation.
ground handling characteristics will permit en-
route flight service within the desired capability The complete listing of ground support require-
of 20 minutes. The desired capability of 30 min- ments defined to date is included in GSE Require-
utes for turnaround service is met for all ments Specification, D6A10180-1.
operations.

3.7.2 Ground Handling and Servicing
Boeing jet transports are designed with theobjec- The company has applied the jet transport ground
tive that any individual maintenance task can be handling and servicing methods developed for the
accomplished in 8 hours downtime. This same current series of subsonic airplanes to the
objective, applied to the B-2707, allows a flexible B-2707 supersonic transport. Adoption of the
maintenance program, adaptable to the many best of these methods and utilization of the ex-
divergent operational requirements of domestic tensive airline experience with Boeing airplanes
and international airlines, will permit the B-2707 to be easily integrated

into the airline ground operation environment.
The scheduled line maintenance program for the I
B-2707 consists of three levels of checks: daily A general servicing arrangement for the B-2707
check, intermediate check, and periodic check, is shown in Fig. 3-9. Ground handling and
performed repetitively at progressively higher servicing of the B-2707 can be accomplished,
airplane flight hours. The ground elapsed time using the same type of equipment and facilities
goals for the daily, intermediate, and periodic normally available at major jet transport
checks are 1, 4, and 16 hours respectively. The terminals.
major work zones on the B-2707 are well dis-
persed and access is good. Scheduled line and Modifications of existing ground support equip-
overhaul maintenance work requirements on the ment will be necessary in some cases, to enable
B-2707 will be similar to current and advanced service personnel to reach certain B-2707
subsonic jets. service panels. Most, of these modifications will

also be necessary to support the large subsonic
To facilitate scheduled and unscheduled mainte- jets currently programmed for airline use.
nance, the airplane incorporates features, such
as built-in self test, aircraft integrated data sys- The high degree of compatibility of the B-2707
tem (optional), and quick disconnect equipment, design with airlines ground support equipment is
to allow rapid troubleshooting of systems, rapid illustrated by the matrix shown in Fig. 3-10. By
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Fiyur. 3-9. General Service Arrangement

*designing the B-2707 for efficient ground handling GSE STATU1 S

and service, using state-of-the-art met•hods and ,•, .. .. "•-. -•" "_'___ _

ground equipment, the impact of the supersonic• -- ..
transport on airlines' ground operations and _____ -___ _____ ___- ___

equipment investment wiji be minimized. It is ~ ,•.' r
recognized that •he B-2707 wvill not enter airline
service for several years, and that to ensure _____ AV -

effective and efficient airline ground operations in ...h neicviuu rpaeetadipoe

thm neri mo grou itnd e srep lcment and ccr imroe-r ... ,'' A:iipany will conduet a continuous ground support ..... v
.•analysis and evfluation program so that recoin- d

mendations for ground handling and servicing 'I,., v" V

GG

techniques, and equipnment will always be within ,. ". .- ....
*the capabilities of the airlines and industry. I ____"___ _____

Ground handling and servicing at originating, ,----- -

enroute, and turnaround stations include all I -

i ~actions, other than maintenance, which must be ... I /
;.performed b' ground personnel to prepare the I _______i

,airplane (1) in the case of origin or turnaround ___ ____ ____ - __

servicing for a flight involving maximum range •"... ,

and pay load or (2) In the case of enroute servic-
ing, for the remaiining portion of the flight or to Fgr -0Arie-ArTvie ~"R~rqt

TOILET

the next enroute station. UrAner full-load con-
ditgons, 100 pmrcent of the payload must be loaded
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and unloaded at the origin and turnaround stations, Figure 3-13 illustrates the ground motive force
wh!le at the enroute station, 50 percent of the requirements.
payload must be exchanged. In addition to pay-
load exchange, the servicing procedures
(Par. 3.7.3.3) must be safely and efficiently EXISTING60-------OP-----
completed in the station environment within - 50- T6
90 minutes for the origin/turnaround stations 40 _
under normal use conditions, with a desired 30 -
servicing capability of 30 minutes, and within
30 minutes for the enroute stations under normal- 20
use conditions, with a desired servicing capability 10 .
of 20 minutes. 0

200 400 6D0 675

Analysis of the requirements for ground oper- ;DIRPLANE WEIGHT X .I75LB

ations indicates that the ground handling and
service time objectives, as stated above, can be 9RQ-
achieved. The B-2707 ground handling character- 80 _--------.
istics permit enroute service within the desired 70
capability of 20 minutes for all operations except - -o-...... ... . .
those requiring maximum fuel load. A complete
fuel load for an enroute stop can be supplied in
less than 30 minutes. The desired capability of 40
30 minutes for turnaround service is met. The 30
following paragraphs discuss, in detail, the 0 20
time-phased ground operations. Composite time- 10
lines for these operations are shown in Figs. 3-11
and 3-12. 0 200 400 600 675

AIRPLANE WEIGHT X 10M LB
3.7.2.1 Ground Handling, Operations WET CONCRETE CF=,69
Ground handling is that portion of ground opera- 110 -
tions during which the aircraft is being towed or -REQUIRED
jacked by ground personnel.

90

a. Towing. Trade studies have been con- 80 o
ducted to determine the best method for maneu- • 70
vering and positioning the B-2707 at the air EX.....
terminal. At this time these studies indicate C>
that the present method of moving jet aircraft X
with a towbar and tow tractor, still provides the 40
most economical and efficient means of airplane 30
movement. Studies of such methods as cable 20
winching, airborne wheel mover units, and t0
externally-powered individual wheel motors, will 0
be conducted to ensure optimum operational 0 200 400 600 675
methods of towing. WEIGHT X 1000 L3 AIRPLANE

SNOW COVERED CONCRETE/CHAINS C =45 AVG
"A static drawbar pull of approximatelyi ~Figure 3-1I3. B-2707 Ground M~oving

50, 000 lb is required to move the 675, 000 lb
gross weight B-2707 straight ahead on dry con-
crete up a 3 percent grade. This will require a Towing adapters are installed on the B-2707
tow vehicle weight of 60,000 to 70,000 lb, de- nose and main landing gear to provide forward and
pending on the traction developed. Under adverse aft towing capability. Provisions for nose gear
conditions, such ar snow or ice, a tow vehicle of axle-end towing will be provided, if desired hy
over 100,000 lb gross weight may be required, the operator.
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.. .. Some of the larger tow vehicles now in
ser\ ice with the airlines have static drawbar pull
capabiliLies of up to 40, 000 lb, which will tow
the B-2707 under all but adverse conditions.

Under adverse conditions, two or more tow
vehicles are generally used by the airlines for
aircraft movement; the B-2707 could be handled
in this manner. In addition, larger tow vehiclesI are now being developed to tow the Air Force
C-5A and the Boeing 747 cransport. These tow
vehicles will also handle the B-2707.

b. Jacking. Provisions for jacking the main

e t Figure 3-14. Towing and nose landing gear for wheel and tire change
are incorporated into the landing gear trucks.

A low-profile tow tractor, (Fig. 3-14) offers Existing 35- to 40-ton alligator-type jacks can be

the most feasible approach to ground movement, used for tire and wheel change on the nose landing

Operating the tow vehicle beneath the aircraft gear and the main landing gear. Figure 3-15

nose section eliminates the additional tractor depicts the method in which the landing gear jackq

maneuvering space in front of the airplane. This are used.
will be a distinct advantage where nose-in parking
is employed. The clearance between the bottom 3.7.2.2 Ground Servicing, Operations

of the nose area and the ground is approximately The ground service times and procedures dis-

10 ft. A 24-ft-long towbar and a 20-ft-long tow- cussed in this section are based on data supplied

1 ing vehicle are required. by American, BOAC, Lufthansa, Pan American,
Trans World and United Airlines. Substantiating
data has also been obtained by the co~npany's
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ind,'qtrial engineering and product support per-
sonnel through actual task-time data gathered
during observation of airline terminal opprstions.
The data recently obtained is contained in Ground
Service Time and Motion Studies (Ref. 13). The I
data obtained was evaluated and correlated to
B-2707 requirements and the optimum predicted
B-2707 service times were developed. The
r3sults of analysis of service times are discussed
in the following paragraphs:

a. Passenger Loading/Unloading. The
B-2707 is compatible with all present systems of
passenger loading. The forward-wing position,
the number of passenger doors, their size and
lccations permit loading equipment placement
and passenger handling rates equivalent to or
better than existing commercial jets. Normal
passenger loading and unloading are accom-
plished through two plug-type doors located on i
the left side of the airplane (one 32-in. wide and
72-in. high, centered about Body Station 817, and
one 42-in. wide and 72-in. high, centered about
Body Station 1542). Although passenger loading Figure 3-16. Passenger Loading
and unloading are normally conducted through the
two forward-entry doors, two other doors, lo- At John F. Kennedy International Airport,
cated on the left-hand side of the fuselage (one and certain similar air terminals, the presently
42-in. wide and 72-in. high, centered about Body installed rail beam-mounted br.dges used with
Station 2291, and one 32-in. wide and 72-in. forward-entry door loading will require modifi-
high, centered about Body Station 2961) can be cation to be compatible with the B-2707. In these
used to facilitate more rapid loading and unload- cases, it will be necessary to move the loading
ing of passengers. The doors swing inward and bridge farther out from the building to reach the
then outward and rest against the body in the full- forward-entry door, located approximately 52 ft
open position. Passenger loading and unloading from the nose of the airplane. At air terminals
devices, capable of reaching the 152-in. sill where a large volume of passengers must be ex-
height of the forward-entry door and the 168-in. changed using the nose loading type facility ter-
sill height of the mid-entry door, are required 'ninal facilities must be provided to utilize both
for normal loading operations. Special loading the forward- and mid-passenger service doors.
eouipment would be required to utilize the two aft A detailed discussion of air terminal facilities
doors. requirements is contained In Sec. 4.0.

Passenger loading bridges are available in The mobile lo,, 8 e concept for passenger
many configurat.ons, such as fixed length and handling is comrleLely compatible with the B-2707.
variable length swing types, which are pivot- Self-propelled mobile lounges used at Dulles
3nchored at the terminal end, and extendable International Airport, Washington, D.C., are
types suspended from rail beams attached to the 54-ft lopg, 16-ft wide, and 17-1/2 ft high, and can
terminal buildings. All swing-type bridges cap- reach to a s! - height of 150 in. No mrc :fication
able of extending to about 100 ft will be usable for is required for loading through the forward-entry
loading the B-2707 at the forward door. Most of dvor; hoever, the transition ramp will require
the existing bridges of this type will be usable at modification for the 168-in. sill height of the mid-
tVe mid-entry door, but will require a height entry door.
extension of 8 in. One method of achieving this
height would be to provide a transition ramp at While these concepts may be applied to B-2707
the airplane end of the loading bridge (Fig. 3-16). passenger loading, it is empha.sized that the

B-2707 is designed to be compatible with all

V4-B2707-1
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SU

existing methods, including standard manual or -0

powered passerger staircases of all types now in al __

worldwide use. 5-2M M P PGERS1

In Europe, many airports use apron buses to LIF__move passengers from the terminals to the air- SERVICE TASKS K S -

plane, where the passengers are loaded and un-_- PASSENGERS D W 16_

fl loaded on staircases. Existing staircases can De
used at the forward-entry door. Staircases with A. POSITION -

a higher reach will be required at the mid-entry 9. OPEN MIN ENTRY DOORS 14

door. C. TIME TILL PASSENGERS COMMENCE DEPAING 13

The average boarding rate through the main DEPLANE PASSENGERSI

forward-entry door is 2-1,2 sec per passenger. . FORIWARD ENTRYO The average deplaning time is 2 sec per pas- 11Ssenger. The average boarding rate for the main - E. MID ENTRY
mid-entry door is 2-1/2 sec per passenger, and - PASSENGERBOARDING

the deplaning rate is 2 seconds per passenger. POSTION LOADING EQIPENT

f Motorized boarding equipment is positioned within -

30 seconds, and passengers commence deplaning G. OPEN MAIN ENTRY DOORS

within 1 minute. Thus, the passenger handling BOARD PASSENGERS

service times, as shown on the composite time- - . FORWARD ENTRY

lines (Figs. 3-11 and 3-12) for an origin/turn-
around station will be 8 minutes to deplane the . D -NTR-
full 277 passengers and 9.5 minutes to enplane. J. CLOSEANOSECUREMAIN ENTRY DOOR5

The passenger loading times for an enroute stop K REMOVE EQUiPENT

will be 5 minutes for deplaning and 5.75 minutes
for enplaning. Figures 3-17 and 3-30 illustrate
graphically the procedures and times required3 for passenger handling. Figure 3-17 is one of 2

several which break down the servicing functions I
into task and time procedures and compare the
present-day subsonic aircraft servicing require-B ments to the B-2707. (Figures 3-30 through 3-42
illustrate the remaining servicing functions and Figure 3-17. Origln/Tumoround Possenger
are located in Par. 3.7.2.4). Looding/Unloodlng

b. Baggage/Cargo Handling. Baggage and
A cargo handling is a sign!ficant time consuming The forward compartment accommodates

task in airline operations. The B-2707 can uti- Th forwar comp aren accomodates
lize preloaded containers, if desired by the air- cubic ft in the 16 preloaded cargo containers.
line, to , !uce the time required to handle the The aft compartment accommodates 1,204 cu ftlarge amounts of baggage and cargo to be trans- of bulk or hand-loaded cargo or 708 cu ft of cargo
ported and to meet the ground operations times in sbx preloaded containers, plus 140 cu ft of bulkG as stated in the RFP. hand-loaded cargo.

Two large baggage and cargo compartments Although the baggage/cargo compartments
are provided on the B-2707, one forward in the are designed to allow hand loading of baggage and
lower section of the fuselage, with the loading cargo using conventional-type conveyor loading
door centered about Bcdiy Station 1362; the aft equipm-ent, both compartments have provisions
cargo compartment is located immediately aft of for installation of an integral container loading
the passenger cabin, with the loading door cen- system, which wrill allow the ground personnel,j tered about Body Station 3320. Both doors are working at ground level, to load, stow, and un-
50- by 100-in. sliding plug-type doors, located load the containers (Fig. 3-11). Use of this
on the bottom of the fuselage, method of cargo handliing will allow 50 percent of

V4-B2707-11



Figuro 3- 1& Cargo

SLbe ba".,&/cargo to be exchanged at an enroute rate of 500 U.S. gpln at each receptacle (1000 gpni
station with In 12.4 minutes. One hundred percent at each station, 2000 gpm combined). Fuel vents
of the baggage/cargo can be exchanged at origin/ are provided in the outboard wing and in the aft
turnaround stations within 23 minutes (Figs. body tail cone. To supplement the electronic fuel
3-31 through 3-34). quantity indicating system, a backup fuel quantity

L ! gaging system is provided on all tanks.
S•The B-2707 can also be hand-loaded, using

S conventional ground loading equipment, such as Fueling requires a mobile or stationary ex-
iconveyor belt loaders. Although hand-loading is ternal fuel source and connecting hoses provided

not as fast or as efficient as the containerized with nozzles that mate with the filler adapters.
loading system, the B-2707 can be hand-loaded at Mating connectors for pressure fueling are the
the r-nisot, Pnd origin/turnaround stations and same as ,'sed with present 707-727 typc i'p••
neet "*,e 3U- :--d 90-minute RFP requirement. All present fueling equipment used to service

The hand-loading times are 21 minutes for the existing jet transports, having the desired flow

enroute station and 38 minutes for the origin/! rates, are capable of fueling the B-2707. In
•turnaround station. general, a fuel dispensing rate of at least 500 gpm

S~at 50 psi per filler nozzle should be available to
Hamd-loading of the baggage/cargo compart- keep servicing times to a minimum.

inent will extend the total time required for
origin/turna round and enroute servicing to 41. 64 Defueling .s accomplished through the pres-
minutes for origin/turna round and to 24.64 sc•re refueling receptacles. A manual valve,
minutus for enroute servicing. operable only from the ground, connects the fuel-

Ing manifold to the engine fuel system to allow usec. Fý-eling, The maximum usable fuel capac- of the boost pumps in defueling. Using the cross-
ity is 54, 790 U . S. gal (367, 100 Ib) of com m ercial fe d a if d ,i is p s b e to ef e to he u p

stiations l~oee w luiated atBdiSai n g 236 futtock level. The fuel service access panel cannot be
statons loctedat ody taton 346,Butock closed when the defueling valve is in a positionSLine 250, and 11.2 ft above the ground, each hav- other than the closed position. Approximate de-S ing two filler receptacles, are provided for pres- fueling rates, using boos~t pumps, are 150 U.S.

Burt! fueling (Fig. 3-19). The right-hand station gpm per receptacle, or 600 U.S. gpm total.
is eq ui pped w ith ind ivid ual fuel tan k q uantity gage s S c i n d f e i g i l o p s i l , u i g g o nand fuel valve control switches. The system is Sctodfuln saopsibesngrud

Sdesigned for a fueling pressure of 50 psi and a fill equipment.

I V4-B2707-1
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ftFUEL SERVICING PANEL- RIGHT SIDE

o B-

NO. I MAIN 27 800 LB 4.150 GAL FORWARD AUX 137,OGO LB 20,4KO GAL
-NO.-2 MAIN 27,800 LB8 4,150 GAL AUX NO 1A 50450 LB 7.53 GAL

NO. 3 MAIN 27.800 LB 4,150 GAL AUX NO 4A 50.450 LB 7.530 GAL

NO. 4 MAIN 27,800 LB 4.i60 GAL AFT AUX IS000 LB 2..8CGAL

MAXIMUW USEABLE FUEL TOTAL 367 100 LBý 54.70 GAL

Figure 3-19. Fuel Service

An example of a time-critical fueling stati,.,a minute enroute stop is 179,600 lb. Due to thesel ia the enroute stop at Paris during a Rome-Paris-- conditions, either extra fuel must be carried from
New York flight. To continue the flight from Rore, or the enroute stop extended to 25 minutes
Paris to New York, approximately 244,000 lb of to accoinplish the required fueling.
fuel will be required. The flight distance, cor- d. Turnaround Fueling. During originiturn-
rected for the most critical head'ind conditions, around servicing 307, I 00 ob of fuel can be supplied
is approximately 3,760 jtatute miles. The msvi- to the B-2707 during the 30-minute stop. For a
mum fuel load which can be suppl , luring a 20-

B 70 4-B 1-I
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maximum usable fuel load, this assum,3s that Mobile lilft-type i,,iders presently used by
60,000 lb of fuel reserves are alread, on board. commercial airlines will adequately service I
Figures 3-35 and 3-36 depict the ser;'ice tasks the forward and mid-galley locations. At the aft
and times required to fuel the B-2707 at orlgln/ galley location, a new unit of service equipment
turnaround and at enroute stations, will be required. These servicing concepts are

e.Gg Four pshown in Fig. 3-20. Trade studies are beingSe. Galley Servicing. Forplug-type galley codtetoeeriehepimm ehdan
servicir-g access doors are provided on the right conducted to determine the optimum method and

servcir accss oorsareprovdedon te rght equipment needed to service the galleys. These
side of the airplane; three are used for normal ntudies will continue to ensure optimum equip-
galley service. The forward galley service ac- qpctinu e airplane.
cess is a 32-in. by 60-in. door, centered about ment for the prcduction-type airplane.
Body Station 846, with a sill height of approxi-
mately 162 in. The center galley service access The B-2707 galley service times, based on an ele-

is a 42-in. by 60-in. door, centered about Body vated van-type galley service truck is approxi-

Station 1542, with a sill height of approximately mately 16 minutes for the enroute stop and 18

168 in. The aft galley service access is a 32-in. minutes for the original turnaround stop, using
by 60-in. door, centered about Body Station 2961, 2 ground service units (Figs. 3-37 and 3-38).

with a sill height of approximately 210 in. The f. Potable Water Service. One pressurized
service doors open outward after an initial in- water supply of approximately 60 U.S. gal, with
ward movement and rest against the fuselage in pressure automatically maintained, is provided
the full-open position. for washing, galley, and drinking purposes. The L

wpt•.- tAnk is sized to accept 80 U.S. gal of water,
Five galley units are provided. One unit is at customer option. The tank is located below the

located forward in the first-class section, two main floor, forward of the nose gear well and is
units are located in the mid-tourist-class section, pressurized by air taken from the air-conditioning
and the remaining two units are locatd at the rear supply ducting or from a ground pressure source
of the tourist-class section. Each galley location during ground servicing.
is provided with galley service access doors im- [
mediately adjacent.

Fitpire J-20. Gaolley ,Service (

r I1
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SERVICE TASS

A P'OSITION SERVICE EQUIPMENT

D CONEC SERICEHOS

•F DISCONNECT AND STOW SERVIC•E HOSE, 12

SG CLOSE AND SECURE FOrWARD EQUIPMEINT SAY, 1

SH REMO)VE SERVICE EQ•UIPMENTr

Figure 3-21. Water Service -

The water service panel is located in the for-
ward equipment bay, forward of the nose gear 1
well, at a height of approximately 108 in. (Fig. -I

3-21). 1 -

Ground service equipment now in use by the I
airlines for potable water servicing will satisfy
the B-2707 requirements and may be either a per-
manent water service installation or a mobile unit. gure 3-22. Wa Ballost
Normal ground filling rate Is 10 U.S. gpm at 25
psig, using a 3/4-in. fitting. A service stand, Station 790; three located in the center-cabin
integral to the service unit, may be neces- section, centered about Body Station 1542; and one
sary to reach the height of the service panel, aft of the main passenger cabin, centered about
depending on the type of service unit used. Re- Body Station 3000. Each of the toilets has a waste
quired service time to refill the 60 U. S. gal capac- tank of 20 U.S. gal capacity. The three toilet
Ity Is 9. 25 minutes (Fig. 3-30). waste tanks in the center location and the two

waste tanks in the aft location are manifolded to-
During flight operations when low payloads gether to provide a single-service point at each

are carried, water ballast is required to maintain location. With these and the front location, three
the airplane center of gravity within acceptable toilet service access panels are provided on the
limits. This water ballast is contained in a lower surface of the fuselage (Fig. 3-23).
1,380- gal bladder tank in the forward equipment
bay. Normal ground filling and draining rates All toilet service connections on tVe B-2707
will be 150 gpm and the service time required for are the same as those in use on present Boeing
the maximum load is 12-1/2 minutes (Fig. 3-22). jet transports. The toilets have 4-in. drain out-

g. Toilet Servicing. Six flushing-type toilets lets. Servicing eq'uipment should have at least a

are provided: one located in the first-class sec- 150 gal waste water tank, a 60 gal flushing water

tion of the passenger cabin, centered about Body tank, and a 30 gal chemical solution tank. It

V4-B2707-1
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Figure 3-23. Lavctory/Toilet Service

must have a reversible-flow pump system, cap- ieating capacity of 600,000 Btu/hour will ade-
able of 15 to 20 gpm at a pressure of 25 psi, and quately support the B-2707 under most operating
must be equipped with a flow meter for chemical conditions.
flushing. Each toilet will require three gallons
of fresh chemical after each flushing operation. Aircraft ground air-conditioning may also be
All tanks on the service truck should be equipped provided using the engine ground start cart to
with heaters to prevent freezing during extreme drive the air-cycle machine turbine, which sup-

low temperature weather operation. plies air-conditioning through the on-board en-
vironmental control system.

Due to the similarity of the systems, service
times and tasks for the B-2707 and subsonic Ground air-conditioning service is not a crit-
transports are nearly identical. The required ical time factor in the service procedure. It
toilet service time for the B-2707 is 12.50 min- requires only one minute to provide connection of
utes (Fig. 3-40). the ground unit to the aircraft. A ground air-

conditioning service panel is located on the lower
h. Air-Conditioning. Conditioned air to re- portion of the fuselage at approximately Body

quired immediately after engine shutdown to Station 3020, 158 in. above the ground, and con-
maintain passenger and flight crew comfort. The tains an 8-in. -diameter supply duct (Fig. 3-26).
ground conditioned air supply source should be Ground air-conditioning equipment now available

capable of maintaining the cabin temperature at a or in airline inventory will adequately serve the

maximum of 850 F, with a full load of passengers B-2707 for moderate temperature conditions.

on a standard 103' F hot day; or maintain the Be

cabin at a minimum of 75" F, with as few as 60 i. Ground Interphone Communications. The
passengers aboard when the outside air tempera- ground interphone communications system is used fJ
tur) is minus 50 0 F. Figures 3-24 and 3-25 indi- to facilitate servicing and coordination of other
cate the heating and cooling requirements for activities in and around the airplane. External
varying ambient conditions. Although extremely connections are provided at the two electrical
la'ge eapncity units may be required under ex- equipment bays, in the nose wheel well, at both
trerme conditions, calculations indicate that a fueling stations and on each engine nacelle. £3
refr!geration capacity of 60 to 80 tons and a Existing ground communications equipment used

V4-B2707-1
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CONDITIONS: 30C OCCUPANTS IN MAIN CABIN AMBIENET TEWFZRATURE VS CONDITIONED AIR CART
5OCCUPANTS IN COCKPIT HEATING CAPACITY REQUIRED TO MAINTAIN A
ELECTRICAL LOAD 74,240 BTU/14R 75* F CAOIN AND AN X* f CANNSOLAR LOAD 6(020 BTU/14R
AMBIENT TEMPERATURE =IV*F CO.~MTONS: 60 OCCUPANTS IN MAIN CABINCONDITIONED AIRCART OV!CHARGE TEMP'. 35OF 5 CREW MEMBERS

IOC I0M ELECTIICAL L.OAD IN OIN CA14N
84*F ABIN50% ELECTRICAL LOAD IN COCKPIT

EFCTIV 0I SOLAR HEAT LOAD(715F EF I HEATING AIRFLOW 240 LBAMIR240 LB /MIN INFLOW

7DF' CCABIN

40 20 4 60 d 10 12
RFXJIREOPEATRE 

1OLN 
CP0~Y-TN

U Cbn epeaur F 75 FFr and 85Minaiin CABIN Te eate

.40.

Figure 3-2. AmbFigurela3ive.HmAdrtCoVesus Griun

V4-b27 07-iU 127



I

i
on present jet transports will be compatible with cable to connect to the AN3114--IB receptacle.

the B-2707. Mobile and stationary power sources with ratings

j, Gtouod Electrical Power. Ground elec- of 60 to 140 icva, now in use by the airlines, can

trical power is another ground service required be used for B-2707 electrical support.

to permit performance of the ground service func- Electrical ground power can also be obtained
tons, and is not, Itself, time critical. Ground by operating an on-board generator (through the
electrical power is required continuously from car t.
just prior to ergine shutdown to just after engine ADS) by using a ground air cart.

startup. k. Cleaning. At origin/turnaround termi-
naIR, cabin and cockpit cleaning and servicing are

A 60 kva external power receptacle Is pro- required, as opposed to the enroute servicing,
vided in the !iore gear wheel well for ground oper- where only minor cabin pickup and straightening C
atious (Fig. 3-27). Power requirements for the are periormed by the flight attendants. At an
B-2707 are 115/200 volts, 3-phase, 400 cps ac. orlgin/tu-'na.,ound, the entire cabin and cockpit
Direct c-rrent is supplied by six airplane-installed a.Lt .l2ared a-d serviced by ground service per-
28 volt, 75 ampere tranaformer/rectif'ers or by sonnel. L-terior cabin and flight-deck cleaning
an external source. Electrical load analysis, as metho&- are similar to those now used on existing
contained in the Systems Report, Part A, V2- jet transport. Electrical outlets are provided in
B2707-10, indicates that the maximum ground the cablr slaewall. L
power requied will b At the origin/turnaround station, interior

cabin cleaning Is one of the time-critical services
pefornied. To accomplish the 30-minute service L
time, the cleaning crew in the first class and for-
ward-tiurist compartment should begin their

E J cleaning senrvices immediately after the posden-
gerc in !.hese compartments deplane. Upon com-
plet•o r. of cleaning and servicing of the forward
cumpartment, the forward cleaning crew augments
thp _ft cleaning crew to complete interior clean-
ing. The toini elapsed cleaning time required is L
13.5 minutes. Figure 3-41 details the cleaning
%nd servicing tosks and times required.

1. Engine Starting. A ground source of
pneumatic power is required to start the engines
of the B-2707. The engines are started by pneu-
m..tic stai ters mounted on the accessory drives.
The ground air source connection i3 located on

--- - the lower righthand side of the No. 4 engine
nacelle (Fig. 3-28). After starting the No. 4
engine, this engine can ,e used to start the other
mengnes, :r t' - r-..,aining engines may be started

using the g.-ound cart. A ground air source at
50 psib &id 95.4 lb per mirte -low rate is re-
quired to achieve a lesired ground starting time
of Wprox-ma.elv 30 seconds o-er engine tnrder all

Figut 3-27. Grea*4 Electrical Pewe nticipated ambient conditions.

The high pressure air sov.-ces currmntly Ii
Ground service paneis and ccnnectors will be bein4 Lsed ior jet transport 'ngr-es will start

similar to those in existing commercial jet trars- 'Ie B-2737 enjnD!s, bul witi, longer starting
ports, and existing ground p.wer Ln!ts will ade- times. Two of these uni operainy in optrallel,
quately service the B-2707. The mating fitt~ng cn or a new unit providing tf, req-ired tIo.•s ard
the GSE unit will be an AN3430 cornector and pressuwms (rable 3-A) :'edoes the satptinZ u-ne

V4 -B2707-1
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SFigure 3-28. Engine Staring

jto approximately 30 secods. Total engine start- Part A, V2-B2707-10.

.4 ing time is approximately 4.64 minutes, as
shown in Fig. 3-42. All of the GSE discussed herein is covered in

more detail in th~e GSE Requiremenets Specification.
SD)SAI01800-1.

Tob~e 3-A. Engine Starring qequirements-
30-Sircoad Start 3.7.2.3 Residual Heat C •nsiderations m

Accurate heat transfer analysis in essential both

I

SStarting Data 59* F 125" F -500"F to the design of tlie B-2707 ,rod to the understand-
S~ing of potential operational problems. The

company a predictions, based on theories verified
L, Inlet pre~ssure, psat 50.5 46 52_2 an corcted by laboratory tests, indicate neari

ambient temperatures will eFigt in areas requiring
Inlet temp eraturel F 374 437 268 Taormal ramp .ervicing. Exterior access panel

n mmperaturis will be approximately 1004 i.t
Air flow, n b Per min 254 224 381 Heavier supportig structure around accesn panelr i

may reach temper i tures of 100 to 130pF (Fig.
Time to start, 3ec 28.8 3-.8L26.5 *3-29), but will pose no problem for ground service

personnel. Some 3-aAy structure areaswill be-

S Timr- to engine Idle 29.9 36.2 127.0 coepogressively warmer over a series of
" 3S fdighir and reach 3round temR drlture levels of

approximately 160 to 170F Also, some snmtall
The engine starting cart can also he used tF compartments in the w2ing contadtng hydrautlic

upply aircraft air-conditic~ry by driving the. air- actuators may have temperatures e n high v f

rycle machine turbine, a 0. descr5.ned in the en- 200a F shortlr e fter landing. Such compartments
vironnental control section of Syv.tems Report, are, however, too small to enter. Normallyy

Ii Ai-lw-bpraa 5 2 8 eve spri:srcuearti cespnl
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ENGINE CASING

P & W 1500 - 2500
GE 2000-300V

CONTRL SUFACEVARIABLE WINGCOTO SRAE ACTUATOR 2000. 250"
ACTUATOR 2500. 3000

HYD EQUIPMENT 200 - 250. TRAILING EDGES
1OU'- 1200

ACCESS PANELS
1000- 1200

RUDDER - -.-. LEADING EDGESACTUATOR 2000 250V 1"r.- l000- 130°

ItREAR ACCESS PANELSU1000°- 130° T'YP•

WING PIVOT 1400 1600

FWD ACCESS PANELS1O00- 120 TYP

ADS &MAIN PUMPS 0FUEL RECEPTACLE 1000. 1100
2 0FUEL TANKS 1200. 1800

AIR COND BAY ACCESS 1000. 1200
RECPT 1000° 1400 WHEELS & BRAKES SAME"INR AI

AR C ANG
SGEAR ACTUATOR 2000°- 2500

CARGO HATCH DOOR 1000- 1200

GEAR ACTUATOR 2000. 250'

L ADOMEACESS 1250 0
WATER & LOX TANK 1000 - 120'
TYP OF ALL ACCESSES FWD OF ENTNES NOSE PIVOT 1200NOTES~

1. ALL TE19PERATURES AT TIME OF PARKING GALLEY & ENTRY DOORS2. DOOR TEMP. VARIES FROM 1000 ON OUTSIDE 1000_ 120'TO 1200 ON INSIDE REINFORCING STRUCTURE
3. ALL TEMPERATURES ARE OF

Figure 3-29. Residual Heoo Temperatures

origin/turnaround and enroute service will not be 3-30 through 3-42) are used to compare the
affected by such areas except when unscheduled B-2707 servicing functions with present day jet
maintenance is required. In these cases, it may transports. The times shown for the B-2707 are
be necessary to provide auxiliary cooling to per- those used to form the composite servicing time-becessa auxecili.andreplacheveanteu hs tde sbse nIfrainsplemit rapid access, inspection, and replacement lines (Figs. 3-11 and 3-12). The datv ised inwithin ground times necessary to achieve an eco- these studies is based on information supplied bynomical maintenance operation, airlines and is contained in Ref. 13.

3.7.2.4 Service Time Comparisons U
The inuividual time charts in this section (Figs.

V4-B2707-1
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t SERVICE TAWK! SERVCE TASK$POSTIO EQIPEN UNLOA -AG /AG
S-A. OPEN MAIN ENTRY DOR Ls A. POSITION CARGO HA~MMING EQUIPMNT -

REM OVE CARGO CONTANER
O- B tE TPLA PASSEN4GERS 3IMNC C.LAIN ATEOV CARMOCO ARMNT -1CWAIER a-2

C. FOWIARD ENTRY.CONICUNREN1 i . FORlVAND CARGO COMITMrIENT- 16 CONTAINIERS /;2

D). NO ENTRY •"E. lONi CARIO TRAIN ANDO REMBOVFE-

zy~77 111 1111 __ __ _

1-OAN 3 PASSENGERS LON CORAGGEIO CANGO

PE FOITIO ENTR-CONCUIREN T -- LOAD CARGGOCOAIN ,, - m - (0

F. OPEN CARGO DOWRIET COR TNE1
F. WIM TL AENTERY 9ONEDPAIG_ __- - 1 a [_

G.EMMOVECARGOCOMPATMRENT -16-KNE
,- F.10ARENTRY COIURR-" 10 . FORnARDOCARGOCOU'AROIIllT-15 II OTNRilERS- -I

G. CLOSE MAIN ENTRY DOORS I m. SECURE CONTAINERS ANDO CLOSE DOM z--Ci -F. IIIV.OAGGECRG T-AI - !

H. REMOVE EQUIPMENT I. 1001 & REMOVE .AGGAG/CARGO TN 4

, . _. _.. _

L ---- _- -IE I

SFigur 3-30. Enrowut Pasenger Leeding/Unlo.dinI Fig•re 3-3l. Origil/Tumoro,.d B.gqep/CeSPy Service
(Containerized C"' 1.)
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-NLA AGWA UNLOAD BAGGAGE/CARGOIs

A. OPEN FORWAR AND AFT CAM CO ~rAffmhET3 30A. OPEN FORWARD AND AFT CARGO) COMPARTMENTS I

C. BAGGAGE HNDLES ENE31R CIAWMENT -C. BAGGAGE HANDLERS ENEPCUMPARThKENT

n04 . UPILOAD FORMANO D AFT COIARTMENTST D6. UNLOAD FORWARD AND AFT COMPARTMENTS 3

L. LOAD FORWARD M0 AFT COIPARTMENTS E- . LOAD FORWARD AND AFT COMARTMENTS

f.BAGGEHADER EI CMPRW-z F. BAGGAGE HANDLERS EXIT COMPARTMENT

Figure 3-32. OrpR "Turnarotund/Cargo Service Figure 3-33. Enrout* Baggage Cargo Servico
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Ii I5,7M .0U.S. GALLONS

CONTAINERIZED CARGO 7T/DC4 - 20.0010 U.S. GALLONS

UNLOAD BAGGAGE/CARGO A. POTITO REFELING EQIFIARAT

AL. POiTION s L. ONONECT GOIIJIO STATIC LIES

IB.G, OPEN CARGO DOORS C. GAIN ACCESS FUIEL PANELIRCONECT MOSES

R. OAECARGO CONTAERS 0. CONNECT FUEL ROM TO IYDRAAT

Cl C AFT CARGO COMPARTMENT- 3 CONTANERS LPM FUEL 2, i

0. FORWARD CARGO COMPARTMENT-?CONTAINER F. DISCONNECT MMR FROM AIRCRAFT

I.4G.C RE AOETTIGAIR OSTATCU0R I3 24

O. CARGO TRi N 1- G R[MOMfC GROUND TRAI .

LOAD BAGGAGE/CARGO II _ It. COMPLETE NECESSANY AIRCRAFT FOFM - 2I 3F. LOAD CARGO CONTAIN ERS 1. KMEE REFUELING EQ4JftfT

GAFT CARGO COMPARTMENT.I 3CONTAINERS DC4701.26
N. FORWARD CARGO DOMPARMENT-1 CONTAINRS~~B_ - - - - - - - - -

1.SECURE CONTANERS AND CODE DOORS if-- - -- - - - -5] 4J.ASSEMBLE It REMWVE BAGGAGE/CARGO TRAN-Q-14_

Figure 3-34. Enroue Baggovg./Corgo Service Figure 3-35. Origin /Turnaround Reo.ling

(Confa-norized)
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1] I 3.7.3 Maintenance
, Boeing jet transports have been des -d %.Ith the

I objective that any individual maintei :u task can

c ... TA S ' be accomplished in 8 hou:s downti,, This same
A P OUTiu. .404mO STASRNG WRIT objective has been applied u the B- t7,hus

allowing a flexible malntenar,- prol !n, adapt-

- C[R STARTIC UNIT rN, AI•CRAFT ... .-' - able to the many divergent opc atior i quire-1 C ONNCT SECON GROUD CANT 'IF - - --EDments of domestic and intercortinen lirilnes.

- STAIT UIT T & CHECKE •OR PEN Of•fR ATO ,, 7--

NTIF f 'EW "(ADY i TART" i The M."intenance Plan for the B-270' .. .tsJ on
f FLIýT• , fv "ST-AR TS --C.STA proven and tested concepts of the alt indu-tr,.

r AT, q •, : - These concepts are as follows:

,C - - Determination of security and c( :ton of
0f -EY -QIVN RM&E aircraft hardware is accomplish Isual

X-1 " " -checks, repeated at scheduled it . The
"4 intensity of visual checks varies ,h :6rcraft

-- flight hours.

0 Operational checks of aircraft s, m, used
in normal day-to-day flight are I conducted

- - at scheduled intervals.

1 Functional checks of systems to rmine
that they are performing within ( l 'imits[I - are conducted at scheduled inter

a Servicing, including lubrication, U!,r

- - checks, replenishing of fluids, i Intl.icted
SH -at scheduled intervals.

Figure 3-42. Enino Starting

H b -77 kiA1%TEiA.NE PLAN

BASE

Li AIq FRW•,E _,i ,ALL
A FRV I J p kA-,'L

*� �3 CT:AR .NSPECT•C', PO

E T V P.•", P-R- GvE' R

V I-BN I- IlkFiUe34.L,, fdB,
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* Vi•,l check of structural integrity is sc- zations. Phase I Document M-HI, Sec. 3.0
com[•.ished in koaJumctlon with routine describes the piocess. The schedule intervals in
security and condition check of hardware at flight houtrs fo. the checks on Figs. 3-44, 3-45,
sehedc1e" intervals. 3-46, and 3-50 show tLe ranges where initial

9 Thorough inatection oi structural integrity is starting times could be selected.

aco:17iplished at scheduled intervals. Non- Levelopment of the basic B-2707 maintenance
destructive inspection techniques are used planning data, consisting of tho scbeduled checks,
where feasibles The B-2707 Structural structural Inspection program, and component
Inspection Programn calls out specific stirc overbiul program, by the Boeing maintenance
tawes for inspection and their inspection engineering organizatlou Is described in the
Intervals. Product Support Program, V4-B2707-20.

* On-condition compontent overhaul is based oi
maintaining a unit in a continuous airworthy 3.7.3.1 Line Maintenance I
condition by routine checks, inspections,
services, and tests, The B-2707 Component a. Scheduled Maintenance. Enroute service
Overhaul Program identifies component clas- and turnaround service is not included in the line U
slied "on condition" and specifies require- maintenance program (Par. 3.7.2).
ments to maintain that status.

The scheduled line maintenance program for
9 Sampling techniques are used where feasible the B-2707 consists of three levels of checks:

as a means of determining structural integ- daily check, intermediate check, and periodic
rity and component condition. chp!k, performed repetitively at progressively

higher airplane flight hours. The work contents
The Maintainability Program, V4 32707-1C, will of these checks are shown in Figs. 3-44, 7-45, I
ensure that features are incorpc Atec in the design and 3-46 and are designed to allow a continuous
of the airplane to facilitate maintenance according auditing of the airframe and systems. Each check
to these concepts. Airplane features enhancing is treated individually as a work package. The
maintenance are described in Airframe Design work requirements of a lower check are either
Report, Part B, V2-B2707-6-2, Systery i Reports, repeated or accomplished in conjunction with a
V2-B2707 -10 and V2-B2707-11, and Propulsion more detailed requirement in the next higher
Reports, V2-B2707-12 and V2-B2707-13. check.

B-2707 line maintenance is defined as ail mainte- The ground elapsed time goals for the daily,
nance work performed on the airplane between intermediate, and periodic checks are 1, 4 and
overhaul base visits. This includes all schedule.d 16 hours respectively. When the flight schedule
checks controLed by airplane flight hours to main- of an airline does not allow a 16-hour layover: a

tain the airframe and systems in a continuous, partial progressive program -an be utilized by
sate operating condition, and the correction of dividing the periodic check work content into
discrepancies, based on pilot's report and smaller work packages and accomplishing themi
ground Inspection findings, with the intermediate checks. Figure 3-47 is an

illustration of this work division.
B-2707 base maintenance is defined as all main-
tenance work performed on the airplane during a The major work zones of the B-2707 are
scheduled visit to a maintenance base and the shown on Fig. 3-48. Between the engines on the
overhaul of engines and airplane accessories in left and the right horizoýital stabilizer, there is
the shops. This maintenance oerformed on the an area of possible work congestion. However,
airplane is sometimes called ai basic heck or this can be. avoided by attcntion to work

airframe overhaul, scheduling.

Figure 3-43 shows how B-2707 line and base Figure 3-49 shows a B-2707 opened up for a
maintenance activities are divided. The selection periodic check. Convenient access to the work
of check time intervals and the plan oi escalation zones is ensured by the following:
from initial to higher time intervals are deter-
mined by Lhe FAA Maintenance Review Board and * Plug-type doors are provided in all equip-
the airline rnaintena&"e and engineering organi- ment compartments in the fuselage.

V2- B2707-1
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Li •STANDARD PROGRAM (BLOCK MAINTENANCE CONCEPT)

i I DD GROUND ELAPSED TIME GAOL: I HOUR
SCHEDULE INTERVAL: DAILY - 50 FLIGHT HOURS

' SCHEDULED WORK - MAJOR TASKS

1. WALK-AROUND CHECK
"* ENGINE INLE" AND EXHAUSTI * LANDING GEAR AND WHEEL WELLS (1)
"* CONTROL SURFACES

"" FUEL LEAKS

P2. EQUIPMENT CHECK
i SEATS
* EMERGENCY EQUIPMENT

3. SERVICING
*ENGINE OIL (2)

- HYDRAULIC FLUID(3)
* OXYGEN (4)
0 ADS OIL (5)

i IUNSCHEDULED WORK

Fu1. PILOTS REPORTS
2. INSPECTOR WRITE-UPS (2)

((5)

SACCESS OPEN 
m2

S~Figure 3-44. Line Maintenance - Daily Check

S~~V4-B2707-119

i!II139



STANDARD PROGRAM (BLOCK MAINTENANCE CONCEPT)

SGROUND ELAPSED TIME GOAL: 4 HOURS I
SCHEDULEINTERVAL: 75-30 FLIGHT HOURS

C ~SCHEDULED WORK - MAJOR TASKSI
I. PRE-SERVICE OPEN UP 4. OPERATIONAL CHECKS
2. VISUAL EXTERIOR CHECK - COMMUNICATIONS EQUINMENT

FUSELAGE, EMPENNAGE, WINGS S. EQUIPMENT CHECK
4 ENGINES (1) EMERGENCY EQUIPMENT
v RAM AIR INLETS 6 SERVICING

* LANE4NG GEAR AND WHEEL WELLS;(2)
0 WING PIVOT (3) * ENI-INF 0!L ,i)* CONTROL SURFACES 0 HYDRAULIC FLUID (4)
o MOVABLE FOREBOCY * ADS OIL (5)

* BOOST COMPRESSOR OIL (5)
3. VISUAL INTERIOR CHECK * AIRCYCLE MACHINE OIL (6) I

o LAVATORIES * OXYGEN (7)
* FLIGHT DECK 7
* PASSENGER CABIN . POST SERVICE CLOSE-VP
* GALLEYS U L
* CARGO COMPARTMENTS USHDLDWR

1. PILOT'S REPORTS
2. INSPECTOR WRITE-UPS II

I

I

II (2) (3~ (6)% (11 I

UACCESS OPEN

Figure 3-45. Line Maintenance - Intermediate Chock

I
V4-B2707-1
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8 ~STANDARD PROGRAM (BLOCK MAINT~ENANCE CONCEPT)

GROUND ELAPSED 1TiME GOAL: 16 HOURS
PERIOD .SCHEDULE INTERVAL: 300 - 1,200 FLIGHT HOURS

f SCHEDULED WORK- MAJOR TASKS

1. PRESERVICE OPEN UP
2. AREA INSPECTIONS

" INTERIOR COMPARTMENTS - FLIGHT DECK, PASSENGER CABIN, LAVATORIES,
GALLEYS, CARGO COMPARTMENTS

"" AIRCRAFT EQUIPMENT COMPARTMENTS - FORE AND AFT ELECTRONICS BAY,
AiR CONDITIONING DISTRIBUTION AND ELECTRICAL EQUIPMENT BAY, CONTROL
SYSTEM BAY, HYDRAULIC EQUIPMENT BAY, ADS BAY, MOVABLE FOREBODY

CONTROLS BAY
WING AREAS - WING PIVOT, LEADING EDGE, TRAILING EDGEB EMPENNAGE AREAS - AIR CONDITIONING PACK BAY, ADS BAY, ELEVATOR AND
ELEVON CONTROLS BAY, RUDDER CONTROLS BAY

. WHEEL WELL AREAS - NOSE GEAR ASSEMBLY, MAIN GEAR ASSEMBLIES,
NOSE WHEEL WELL. MAIN WHEEL WELLS

* PROPULSION PODS - IPLET ENGINE EXHAUST
3. VISUAL EXTERIOR CHECK

* FUSELAGE - EXTERIOR SURFACE, WINDSHIELD AND WINDOWS. DOORS, RADOME,
TAIL CONE
WINGS - UPPER AND LOWER SURFACES, WING TIPS CONTROL SURFACES

* STABILIZERS - HORIZONTAL STABILIZER UPPER AND LOWER SURFACES,
VERTICAL STA61LIZER SURFACES, CONTROL SURFACES

4. OPERATIONAL CHECKS
0 COMMUNICATION AND NAVIGATION SYSTEMS

STANDBY AND ALTERNATE SYSTEMS
5. EQUIPMENT CHECK
6. SERVICINGB LUBRICATION - LANDING GEAR ASSEMBLIES. CONTROL SURFACES

(1 0 FILTERS - HYDRAULIC 7UEL

U •0 CHECK AND REPLENS - AIR. LIQUIDS
7, SYSTEM COMPONENT CHN.,IF-'r AT A PERIODIC CHECK
8. POSTSERVICE CLOSE UP

UNSCHEDULED WORK

:, PILOT'S REPORTS
2. INSPECTOR WRITE UPS

BFigure 3-46. Line Meirtenance Periodic Check

SV'-I-B2707-I
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ALTERNATE PROGRAM (PARTIAL PROGRESSIVE MAINTENANCE CONCEPT) 3
GROUND ELAPSED TIME GOAL: 1 HOUR
SCHEDULE INTERVAL: DAILY - 50 FLIGHT HOURS

V,•pAT OF _PERIODIC _CHECK,/I

GROUND ELAPSED TIE GOAL: 8 HOURS
SMEULE; INTERVAL: 75-300 FLIGHT HOURS 3

SAMPLE: INTERIEDIATE CHECK PLUS 1/4 PERIODIC CHECK WORK AREA EACH PHASE

-, I

, I

Figure 3-47. Line uintnance - Alternote Progmre

tasks are to open up the airplane for a detailed The same techniques can be applied to the B-2707 I
structural inspection and. if required, repair. to reduce manhours, elapsed time, and mainte-
R, furbishing of the interior, detail inspectioa and nance cost, as shown below:
functional check of systems, and component re-
placements are performed at the same time for 0 Sampling on different airplanes - Shorten
convenience. airplane downtime by reducing number of

Inspection is conducted to verify structural in- inspections or. each airplane.

tegrity. The company has gained considerable * Nondestructive methods - Reduce manhours I
experience in structural inspection techniques and elapsed time of inspections with tech-
from the 707/720/727 programs. These tech- niques such as X-ray and eddy current.
niques will be updated to coincide with develop- 0 Rapid inspection interval escalation - Reduce
ments in airline maintenance practices for the manhours per flight hour, and thus total
737 and 747 programs. maintenance cost.

142
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Figure, 3-48. B-2707 Major Work Zones

ENGINE COWLING OPEN
WINC FLAPS DOWN - WING TRAILING

EDGE LOWER PANEL DROPPED
SELECTED ACCESS PANELS OPEN

Ftp,. 3-4 B-2707 in Pet'.duc chock
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e Quick-opening panels with latches are avail- e Conventional repair of minor structural
al/e at each accessory drive gear box corn- damamu
partment and the air-conditioning equipment (1) Troubleshooting. The overall conceptbrys to improve the troubleshooting capability of the

* Landig gar wheel well doors are opened B-2707 systems is to provide adequate on-board 3
by operating a control handle at each wheel facilities or instrumentation. The priority of
well. troubleshooting methods is:

* Two cowl panels with quick-opening latches
are installed on each engine. Each panel is e Use airplane instrumentation I
hinged and provided with a bold-open device. Use airplane self-test features

* The bypass doors on the engine inlet are 0 Use aircralt integrated data 3ystem (AIDS-
large enough for a mechanic to check the optionalI int)
compressor blades for foreign object damage. optional equipment)

W Use ground test connections and ground sup-
* With the wing flaps and slats down, all port equipment

equipment installed on the front and rear
spars is exposed.I The basic airplane instrumentation has been

* Hinged access panels with quick-opening expanded to include annunciator panels, which
latches are provided for servicing engine provide system trouble identification capability
oil and lavatories. These panels provide under dynamic flight conditions. This intelligence I
sufficient acceis for a mechanic to work transmitted to the maintenance crew through
through with gloved hands. pilots' reports, shortens the trouble analysis and

e An access panel on the underside of each rectification cycle.
wing allows a quick check of the wing pivot Electrical/electronic equipment and systems

* cavity. incorporate maintenance self-test, permitting
Access panels are provided for all control fault isolation to the component level. The self-
surfaces. test systems used are both the continuous moni-

toring type and mechanilc-initiated type. The
The scheduled work requirements of the interface box concept of wiring installation pro-

B-2707 are similar to current and planned sub- vide!, a centralized termination of wires for
sonic jets. Accessibility and dispersed work troubleshooting of each individual system. In
zones have been incorporated into the design to addition to flight deck instrumentation, the fluid
enable the airlines to meet operational schedule and pneumatic systems incorporate test ports on I
commitments. Examination of the work content components and in the systems to facilitate
details will show that maintenance crews can troubleshooting and condition determination.
adapt, with a minimum of training, to the re- Those systems where transient conditions exist
quirements of the B-2707. or the flight conditions cannot be duplicated on the

ground are being considered for application of
Ground support equipment for line mainte- AIDS to provide readout on the ground as a supple-

nance !s identified in GSE Requirements Speci- ment to basic troubleshooting provisions.
fication, D6AI0180-1. Traning of maintenance
personnel is discussed in the Training and With the described provisions, flight line 'estTraining Equipment Program, V4-B2707-7. ground support equipment (GSE) has been mini-

b. Unscheduled Maintenance. Accomplish- mized. GSE is required for the following:

ment of unscheduled maintenance often causes T
airplane delay or out-of-service. In recognition n To detect faults within the wiring and con-
of this situation, the B-2707 is designed with cnot bedtecen systhem compenst which
special features to facilitate: cannot be detected by the selr-test featres

0 To excite units which require excitation from
* Rapid troubleshooting of systems sources external to the airplane

* Rapid replacement of components a To test airplane equipment for which self- 3
test is not provided I

V2-B270.7-
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(2) Component Replacement. During routine (3) Minor Structural Repair. Minor struc-I] operation, structural and system components tural repairs on the B-2707 will be similar to
require replacement due to failure, malfunction, those made on current subsonic jets, even though
or damage. The capability to make replacements the basic material has been changed from alum-
and then verify proper operation, all within the inum to titanium.
downtime of routine services and scheduled
checks, is a design objective of the B-2707. When a skin panel or a stringer is damaged,
Some examples of rapid replacement features additional material can be spliced into the original
being considered to meet this objective are given material to enable the structure to carry the de-
below: sip loads. Minor repairs to titaniumr/fiberglasn

honeycomb will be similar Lo honeycomb repair on
e Major structural components, such as wing subsonic jets. Typical minor repairs are de-

pivot bearing, control surfaces, landing gear scribed in Airframe Design Report, Part B,
assembly, and movable forebody, can be V2-B2707-6-2.
replaced within the 8-hour downtime limit.

# Any system component can be replaced with- Some transitional trning of maintenance

out disturbing another installation, personnel in the techniques of troubleshooting,
i ocomponent repla-ement, and minor structural re-

* Dispatch-oritical components can be replaced pair will be necessary (Ref. Training and Training
within the downt*mne of enroute or turnaround Equipment Program, V4-B2707-7). This is sim-
services, ilar to the current airline practice when new

• Quick-attach mountings are provided for equipment is added to the fleet.

components on the accessory drive gear box. 3.7.3.2 Base Maintenance

Although the B-2707 requires basically the The work content of a basic check or airframe
same type of handling GSE as current jet trans- overhaul ib illustrated in Fig. 3-50. The pri-j ports, special techniques will be necessary to mary tasks are to open up the airplane for a
handle many components due to their increased detailed structural inspection and, if required,
sizes and weights, and heights above the ground. repair. Refurbishing of the interior, detail

inspection and functional chec*K of systems, and
A "bootstrap" method is used for engine component replacements are performed at the

change. Beams and slings are attached to hard same time for convenience.
points in the under surface of the horizontal Sta-
bilizer, permitting raising and lowering of the Inspection is conducted to verify structutral integ-
entire propulsion pod (engine with inlet and ex- rity. The Company has gained consi,;erable
haust) or the engine section, inlet and thrust experience in structural inspection techniques
reverser-nozzle individually, from the 707/720/727 programs. These techniques

will be updated to coincide with developments in
Jacking of the airplane for operations such as airline maintenance practices for the 737 and 747

landing-gear cycling or gear change requires programs.
three hydraulic tripod jacks of conventional de-
sign. Commercially available axle jacks are used The same techniques can be applied to the B-2707
for wheel and tire change. Landing gear handling to reduce manhours, elapsed time, and maintenance
dollies, and wheel change dolly are designed for cost, as shown below:

convenient and rapid accomplishment of the re-
i.acement operation. o Samp!ing on different airplanes - Shorten air-

plane downtime by reducing number of inspec-
Conventional -Aire rope and beam-type slings tions on each airplane.

are used for overhead handling of control surfaces, o Nondestructive methods - Reduce manhours and
removable body sections, and other components elapsed :ime of inspections with techniques such
where size and weight preclude "man-handling.' as X-ray, eddy current.
Where heavy components require removal and in-

(1 stallation from beneath, an adjustable stand with o Rapid inspection intervai escalation - ReduceSi adjusta. e features is provided. manhours per Cight hour, and thus total mam-

V4 - B2707-I
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STANDARD PROGRAM (BLOCK MAINTENANCE CONCEPT)

SGROUND ELAPSED TIME GOAL: 120 HOURS
SCHEDULE INTERVAL: 3,300 - 8,400 FLIGHT HOURS

SCHEDULED WORK - MAJOR TASKS

1. PRESERVICE OPEN UP
2. STRUCTURAL INSPECTIONS (STRUCTURAL INSPECTION PROGRAM)

0 FLIGHT CONTROLS - SPOILERS; LEADING EDGE SLATS AND TRAILING EDGE FLAPS-
TRACKS, CARRIAGES, AND SUPPORTS; AILERONS; ELEVATORS AUXILIARY
ELEVATORS AND ELEVONS; RUDDER

* LANDING GEARS - NOSE GEAR AND MAIN GEAR - STRUT, AXLE, TRUNNION,
TRUCK, TORSION LINKS, LOCKS

* DOORS - PASSENGER. CARGO, GALLEY, SERVICE
0 FUSELAGE - SKIN PANELS, PRODUCTION JOIPKTS, PRESSURE BULKHEADS, BODY

FRAMES, SKIN AND FRAME AROUND DOORS, EXITS, AND WINDOWS, ATTACHING

FITTINGS TO NOSE GEAR, WING AND STABiLIZERS, FLOOR BEAMS, VENTRAL FIN.
MOVABLE FOREBODY

* NA( ELLES - ENGINE MOUNT FITTINGS
0 STABILIZERS - SPARS, INTERNAL STRUCTURE. AT TACH FITTINGS. SKIN PANELS

W WINGS - CENTER SECTION AND OUTBOARD WINGS - WING PIVOT, SKIN PANELS.
FRONT AND REAR SPARS. INTERNAL STRUCTURE. ATTACHING FITTINGS TC MAIN
GEARS. CUTOUTS

3. AREA INSPECTIONS AND REFURBISHING
• FLIGHT DECK
• PASSENGER CABIN
• CARGO COMPARTMENTS

* GALLEYS
* TOILETS

4. SYSTEM COMPONENT CHANGES (COMPONENT OVERHAUL PROGRAM)
5- OE'AIL :NSPECTION - ALL SYSTEMS
6. FUNCTIONAL CHECK - ALL SYSTEMS
7. EQUIPMENT CHECK
& SERVICING

0 LUBRICATION
0 FILTERS
e AIR. FLUIDS

9. POST SERVICE CLOSE UP

UNSCMEDULED WORK
INSPECTOR WRITE-UPS

i IIICO- r" iCA TIONS

ALTERNATE PROGRAM PROGRESSIVE MAINTENANCE CONCEPTI
, VIrE BASIC CHECK WORK CONTENTS 1NTO SMALL PACO' IES AND !ýEOULE WTH
LINE MAINTENANCE PROCRAM.

FI•--�9 ~-S. Bo".lt onenemce - Basic Cock 3

V4 - B2207- 0
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tenance cost. The need to refurbish the entire passenger cabin
Excellent access has been provided to the inte:-Ior in one operation during the downtime of a basic
of closed structural compartments, such as fuse- check has disappeared. Refurbishing can now be

U lage fuel tanks, wing center section, and outboard performed in sections and accomplished during

wing. The requirement for crawling inside the the line maintenance program. The use of new

compartment has been reduced to a minimum. materials on the B-2707 that do not soil or damage
Engineering, quality control, and manufacturing easily to exacted to Increase the intervals between
departments are conductiag any tests to develop refurbishings.
titanium and sandwich panel inspection and repair Current airli'i practice will be applied for over-methods, which can be used by airlines in t haul of airbor:w :accessories. Although sizes and
field. Airframe Design Report, Part B, V2- weights are gr •:,•r than existing equipment, the
B2707-6-2 describes access provisions to struc- weights are sgr ctnstin , the

tura comartents strctual ispecionfollow conventio-i1 trends. Wear and rework
tural compartments, structural inspection principles of design, construction, and operation
methods, and typical repair methods for the tolerances, assem, bly and disassembly procc-
arious sections of the B-2707. and test procedures will be supplied by the

The basic concept of the B-2707 component over- equipment manufacturers in detail. Complete and

haul program is to provide adequate capability up-to-date overhaul data are assured by enforce-

for conditioa determination. This resulted from ment of the product support agreement describeJ
a review of dhe many programs established by the in the Product Support Program, V4-B2707-20.
airlines for current jets under FAA advisory

Circular 120-17 and Boeing's conclusion that th Emphasis has been placed on the use of the
same technique can be applied to all systems of modules within an assembly. Subassemoliesthe B-2707. Thus, adequate test points are in- (modules) may be overhauled at different inter-
corporated in the basic system and component vals anceked Fut thout heing o tha
designs to allow testinb and condition determi- complete assembly. Further, prior to final as-
nation of components without removal from the scmbly of a complete unit, subassemblies will be
airplane. Most compornrnts will be in an "on tested to reduce time in the final assembly phase.
condition" status and sstems or individual com- This method provides substantial improvement in
ponents will be functionally tested at the basic reliability and economy.S check. The advantages of this are: Engine overhaul is discussed in the engine manu-
0 Maximum use of component life to reduce facturer's proposal. It is expected that super-

component overhaul cost sonic engines will easily be integrated ;nto sub-
a Mxmmseo component lieoosedc

* F.imination of unnecessary disturbance to in- sonic engine overhaul shops.

stall ations to reduce delays and discrepancies Test GSE is required to complete engine and ac-
cessries overhaul. Definition of these require-

* Prevention of infant mortalities after over- mencs will be made during prototype development.
haul to reduce unscheduled removals Some of the major items defined Pt this time arean engine test stand, an er~gine inlet test unit, a

The provisions on the B-27'0 for "on condition" nydraulic test bench and an inertial navigation
comtponent repla-cement are described in Systems system test set. These are described in GSE
Reports, V2-B?707-10 and V2-B27t07-11, and requirements Specification, D6AI0180-1.
Proisulsion Reports, V2-B2707--12 and
%*2-B2707-13. Gverhaul of the airframe, eng'ne, and airborne

nccers,_ories noes not require extraordinary
Interior linings of commercial jets are installtd skills a'i! training. Maintenance personnel
in indiv-dual panels. rather than in cuntinuous ha..-ling o.,vrhauls today ire capable of increasingU .%hets :as is (tone in propeller-driven airp!anes. their proficiency to the required level.
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3. ,4 Opares mum downtime, dispatch reliability, and overhaul
The pares program, outlined in the Product schedules in developing spare parts recommen-
8upport Program, V4-B27O7-20, is designed to dations. The spare part inventories at both

satisf y unique operational sqpport require- Boeing and vendor facilities, will provide the
ments of each individual customer airline. The necessary parts to rapidly compensate for airline 3
Spav Parts Requirements Forecasting Computer changes in route structure or utilization. Boeing
Program (Prodh. t qipport Program, V4-B2707- personnel will be available at all times to coordi-
20) is responsive to airlneA operational peculiari- nate unforeseen problems or emergencies, such
tie and will ocnsider route structure, flying- au an AOG.
hour program, lUn-station requirements, mini-

I
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U4.0 AIRPORT SUITABILITY REPORT

The development of an American supersonic trans- During the week of October 4, 1965, it was agreed
port is an announced national goal, towards which among representatives of the Airport Operators'
progress is being accomplished on schedule. The Council, the Supersonic Transport Development
SST that will be offered to the airlines of the world Office of the Federal Aviation Agency, and the

will be safe, economical, capable of a cruising two competing airframe contractors that each
speed at least three times greater than today's contractor should, as part of his SST development
aircraft, and compatible with the airports it will contract, evaluate specific airport compatibility
serve and with the neighboring communities, characteristics of its own SST design and estimate

the costs of those modifications to airport facilities

* One of the requirements of the FAA contracts has that would be required to produce compatibility.
been the submission of reports on the operational Due recognition would be given to certain airport
compatibility of the proposed design with the fol- improvements that will be required for interim
lowing U. S. international airports: subsonic aircraft.

ANCHORAGE INTERNATIONAL (ANC To perform the major share of the required air-
port compatibility evaluations and cost estimations

FRIENDSHIP INTERNATIONAL (BAL) during Phase II-C, the company twice retained the

INTERNATIONAL (BOS) firm of Howard, Needles, Tammen, and
Bergendoff, Consulting Engineers. The firstO'HARE INTERNATIONAL (ORD) engagement occupied the period October 19 - De-

DETROIT METROPOLITAN WAYNE COUNTY comber 22, 1965, and resulted in the Phase 11-C
(DTW) preliminary report, which was coordinated with

the airport operators, and submitted to the FAAHONOLULU INTERNATIONAL (HNL) on January 1, 1966. The second engagement

HOUSTON INTERCONTINENTAL (HOU) occupied the period June 7 - August 22. 1966, and
resulted in the Phase I1-C Final Report. This

LOS ANGELES INTERNATIONAL (LAX) report was transmitted to the operators and sub-
mitted to the FAA, concurrently with the Phase III

MIAMI INTERNATIONAL (MIA) proposal, on September 6, 1966.

JOHN F. KENNEDY INTERNATIONAL (JFK)
PHILADELPHIA INTERNATIONAL (PHL) This section of V4-B2707-1 provides a summary ofthe results of B-2707 airport suitability evaluations

1 PORTLAND INTERNATIONAL (PDX) performed during the Phase Il-C supersonic trans-
SAN FRANCISCO INTERNATIONAL (SFO) port program. The study was based on the B-2707

configuration data and requirements and airport
SEATTLE-TACOMA INTERNATIONAL (SEA) data collected from individual airport operators
DULLES INTERNATIONALr (DiA) through correspondence, interviews, and com-

ments on preliminary evaluation reports. The
airport suitabiLity plan for Phase III is shovn inU As part of the work accomplished during Phase Par. 5.5 of this document.

Il-A of the supersonic transport program (Con-
tractNo. FA-SS-64-4), The Boeing Company, irn 4.1 SUMMARY
1964, investigated the compatibility of the then The development of an American supersonic trans-l current design with the 15 airports listed pre- port suitable for operations at the world's major
viously. An individual report on this analysis was international airports has been a major design
released on October 22, 1964; a summary report objective. A continuing Airport Suitability Eval-

S(Vol. XVIi-A) was delivered to the FAA on uation Program has been conducted to assure
November 1, 1964, as part of the Comprehensive meeting this objective. Tb,h Suitability Program
Report on Phase II-A. has consisted of detailed investigations conducted

[IV4-B2707-1
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on 16 representative U.S. international airports. rare; however, passing of contemporary subsonic
These investigations encompassed the major jets presents as great a clearance problem. To
aspects Influencing compatibility between the air- accomplish this maneuver, a few holding aprons
plane and the airports. Included in these investi- among those investigated require some increment
gation were the following specific areas: of widening. This requirement was not a signi-

ficant contributor to the overall cost anticipated
Pavement requirements for facilities improvement at the airport.

Ground maneuvering The dimensions of the B-2707 imposed a similar 3
Holding areas and aprons problem at the terminal aprons for certain air- 5

ports. At those airports where the length and
Underpavernent structures span influence the ability of other airplanes to

Overpasses and bridges pass, enlargement of terminal aprons will be

Passenger handling facilities required.
At every airport investigated, pavements sub-

Fueling facilities jected t airplane loading were found to be under-
Engine blast protection laid by structures such as pipes, culverts, and i

utility conduits. The worst case determined
Runway lengths indicated the B-2707 would impose approximately
Fire and rescue equipment 8 percent greater stress on some structures than U

current subsonic transports. These substructures
Cost estimates show no evidence of distress from loads imposed

uo hv pby current subsonic airplanes. Removal or
me 675,t000 lb Br2707 was voundryo lite daver replacement of undamaged structures for an antic-
ment thickness requirements very ipated increase in loading of only 8 percent would
from existing subsonic jet transports weighing serve little purpose. As a result, the B-2707 is
approximately half the weight of the B-2707. This considered compatible with theseitems.
is primarily due to the fact that each of the "
B-2707's main landing gears applies essentially At 5 of the 15 airports investigated, there are, orthe same load to the pavement as each of the gears soon will be, overpass structures or vehicular
of the large conventional subsonic jet transports, subways carrying airplane live loads. Serious

Within ...... aoverstressing would be occasioned by the B-2707
Within limits anicipatedfr routime operaot ons, on some existing structures, however, equally
the B-2707 can be maneuvered smoothly around serious overstressing would occur if these struc-
any runway-runway intersection and any runway- tures were subjected to loading by some current
taxiway intersection paved with fillets of the radii and forthcoming sibsonic transports, It is antic-
recommended by the FAA. At certain taxiway- ipated that these structures will have been
taxiway intersections, however, the fillet radii improved prior to introduction of the B-2707 into
are inadequate. Of the total of 1,472 fillets and service. For this reason, the B-2707 is con-
curved taxiways investigated, 323 required sidered compatible.

enlargement for normal maneuvering. These

findings were based on a practical clearance The principal impact of the B-2707 cn the terminal
between the centerline of the outside truck and the gate facilities involve alterat-.,. to passenger I
pavement eAge while rolling the nose wheel in a loaders. The forward door ai the B-2707 is com-
direct, smooth path from pavement centerline to patible with the existing teiescopnig swing-type
pavement centerline. loaders. The liep•tion of teo passenger

loading coors w'ii require modifications to second-
Holding aprons at the ends of runways are of less scory passenger loaders. The study shows that
xnportancetr, jet-poweredairplanesthinto piston- a minimum of 159 loading positions will accom-

engine airplanes which require engine runup. modate the B-2707 at the 14 airports using at-
Holding aprons serve as an area in which airplanes terminal passerger loading practices,
lacking Jeparture clearance or requiring last-
minute functional checking can wait while those At those airports where underground fuel distribu-
behind can pass. Instances of one SST having to tion systems are not Installed or planned, it will be

pass another on a holding apron will probably be practical to refuel the B-2707 from large tank

V4-B2707-1
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trucks. Most existing underground systenms have compatibility of the B-2707 with current and
combined fueling rate capacities at the planned planned airports is excellent. Recognition of
gate loading positions in excess of the B-2707 continuing improvements and expansion programs
requirements. The only anticipated improvement at the world's airports to keep pace with airU would be changing the 2-1/2 in. hydrants and traffic growth should provide an airport network
laterals to 4 in. and locating them for accessi- into which the B-2707 can be introduced without
bility to the supersonic transport, significant need for major investments.

U Engine exhaust velocities for the B-2707 are 4.2 ASSUMPTIONS AND CRITERIA FOR

higher than fnr present subsonic jets. However, EVALUATIONS
the greater height of the B-2707 engines as com- 4.2.1 Items Evaluated
pared to those of current underwing engines tend The suitability characteristics which have been
S to offset the effects of higher velocities as related evaluated include the following specific items:
to personnel and vehicles on the ground. As a
result, the B-2707 is considered suitable for
ground operations without airport modifications. . Pavement strength or thickness

* Pavement geometry -- fillet radii, holding
The B-2707 provides a combination of high thrust aprons, terminal aprons, terminal area
engines and the variable-sweep wings which inlays
result in runway length requirements compatible * Evaluation of structures -- overpasses and
with those of conventional subsonic jet transports, bridges, underground pipe and conduits

The advent of subsonic jets with passenger carry- * Terminal area considerations -- maneuvering
ing capacity comparable to the B-2707 is not and docking, passenger handling, fueling
expected to necessitate the development of new
types of rescue equipment. Valuable extra min- * Blast effects -- ground operations, runway

U utes of protection for the occupants of the B-2707 erosion
may be gained from the temperature resisAnt * Runway length
titanium fuselage. Fire and rescue equipmeiitD beyond that in service when the B-2707 is intro- * Fire and rescue equipment
duced into service is not anticipated. 4.2.2 Characteristics of the B-2707

At the 15 airports studies, the total cost of modi- The B-2707 employs the principle of variable-

f fications is $5,528, 000. This figure does not witg geometry. During takeoffs, landings, and
include costs of improvements and airport expan- normal ground operations, the B-2707 operates
sions which will have been occasioned by intro- with its wings in the full-forward position. In
duction of the stretched version and large capacity this position, the leading edge of the wings have

subsonic transports into service prior to the a sweep of 30 degrees from a line psuperndicular

1B-2707. Where the situation warrants, both a best to the centertine of the fuselage. For supersonic
and high estimate have been included. These cruise, the wings are swept to a position of 72 de-
costs do not include the cost of modifying fuel grees so that their trailing edges fair into the
systems or passenger loaders. Modifyirg fuel leading edges of the horizontal tail surfaces. Thesystems and passenger loaders is dependent upon principal dimensions and clearances of the

systms nd pssegerloadrs s dpendnt pon B-2707 are as given in Fig. 4-1.

the number of gate positions actually utilized byIJ the B-2707. Average costs per gate position at The B-2707 has been that its
a given airport for modification of passenger be articulated downward for p trposes of optimiz-

loaders varied from $40, 000 to a high of

$150, 000. Similarly, the average cost for fuel Ing the pilot's vision during subsonic operation,y Including takeoff, approach, landing and
systems varied from $7,000 to $22, 1)00 per gate taxiing.
position. The airport modification cost summary
for the 15 study airp~orts is shown on Tabltý 4-A. The main landing gear comprises two pairs of dual-

tandem trucrs. The aft pair of trucks is spaced
The present d&sign of the B-2707 has essentially inboard of the forward pair, and are coupled to
met airport suitability objectives. The overall steer with the nose gear.L
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Tobje 4-A. Airport Modification Cost SwmMr,y

Cost of Other
Average Per Gate Costs Modifications

Apron Fuel System Pasenger
Inlays Modifications Loader Airport Best High 3

- 20,000 Anchorage 88,000 -

18,000 - Friendship 19,000 - I
- - Logan 127,000 - I

- 12,000 50,000 O'Hare 88,000 -

- 8,000 50,000 Detroit 127,000 - g
- 17,000 - Honolulu 324,000 -

- 7,000 - Houston 246,000 - 5
- 20,000 80,000 Los Angeles 1,336.000 1,486,000

- 7,000 100,000 Miami 100,000 - 3
- 20,000 67,000 John F. Kernedy 2,490,000 4,190,000

- -- Philadelphia 166,000 - U

- 40,000 Portland 24,000 -

30,000 22,000 68,000 San Francisco 120,000 660 000 II
-11,000 150,000 Seattle-Tacoma 43,000 -

16.000 - Dulles 230,000 -

Totals 5,528,000 7,918,000

4.2-2.1 Gross Airplane Weights 4.2.2.3 Fueling
The maximum grocs ramp weight of the B-2707 is Fueling is accomplished through four ports located
675,000 lb. The maximum gross takeoff weight in the underside of the wings, about 178.5 ft aft
is 672., 030 lb. For purposes of the studies of the nose and about 21 ft outboard of the fuselagereported in this document, 97 percent of the air- centerline. The ports are about 12 ft above the
plane weight is assumed to be distributed equally ground. Delivery rate is to be 2,000 gpm, at a 5
to the four trucks of the main landing gear. maximum pressure of 50 psi. The total usable

capacity is 54, 790 gal. The fuel is the same as
4.2.2.2 Main Landing Gear used by subsonic Jets.
Pertinent data on main landing gear assemblies of U
the DC-8-55 and B-2707 are in Figs. 4-1 and 4-2.

I
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Figure 4-2 shows the configurations of the four- a greater pavement thickness for all values of
wheel, main-gear trucks of the DC-8 and the subgrade strength classification. As a result, no
B-2707. Also shown are such pertinent data as new overlays on flexible pavements have been I
tire sizes, inflation pressures, and assumed tire assessed against the B-2707 where FAA procedure
contact area. is the exclusive method employed by the airport

operator.
It has been agreed among the Airport Operators'
Council, the Supersonic Transport Development At airports which provide subgrade classifications
Office of the FAA, and the two airframe contrac- for the Corps of Engineers' method, with or with-
tors engaged in the supersonic transport program out other means of flexible pavement analysis, I
that the DC-8-55, having a maximum gross ramp ratlonalfzation and engineering judgment was nec-

weight of 328,000 lb is an acceptable comparison essary to establish the overlay requirement
vehicle for pavement compatibility evaluations, attributable to the B-2707. The rationale used in
While this criterion has been strictly observwd in each case is Included in the text of the specific
the present study, recognition has also been given airpert.
to the fact that at almost every airport there are
pavements rarely or infrequently used by air- At most locations where rigid pavement is used, I
planes operating at maximum ramp or takeoff the combinations of pavement thicknesses and sub-
weights. High-speed exit taxiways, taxiways grade strength result in lower flexural stresses
leading to maintenance and overhaul areas, and for the B-2707 than the DC-8-55. In the few in-
the aprons located there are examples. Since stances where the reverse is true, the pavements I
the maximum landing weight of the B-2707 is are overstressed by both airplanes and only very
only 60 percent of its maximum ramp weight, an slightly more for the B-2707. Owing to the dl!-
effort has been made to identify all such pavements ferenees in their flotation characteristics, how-
at each of the airports studied. They have been ever, the gear of the DC-8-55 generally requires
shown on certain airport photographs with the a slightly thicker flexible or bituminous corrective
legend: "Little or no use by fully loaded SST overlay. Consequently, no costs for overlays on
anticipated." rigid pavement have been assessed against the 5: ~B-2,sIu,.
At those airports which use the FAA method of
flexible pavement analysis, the DC-8-55 requires g

4- --- 56

S3.o" .

-~21.6"

DC-8-55 B-2707 3
DC-8-55 B-2707

Mexionva rest Weight 321,000 Ib 675.00016b
Tire *is* 44 In i 16 lot 45 in by 19.2 in3
Tire inflation pressmro 117 psi 115 ps
Per cent MGW m nose 9eer 5.0 3.0

Figwe 4-2. gain Leding - Gew Tnr Dote
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4.2.3.2 Pavement Geometry of nose or main-gear truck. Minimum fillet
Fiepre 4-1 shows features and dimensions of the radii for a wide range of turning angles were
15-2707 that are pertinent to the present investiga- determined for various combinations of widths of I
tion. The size of the airplane and its turning intersecting paven. "-t in accordance with each
oharaeteristics will require that certain modifica- set of criteria.
tUam be made to some existing taxtway fillets and
eod--f-runway holding aprons. The first step in the study of intersection fillets

at the individual airports was the elimination of
Fillets at pavement intersections were evaluated those fillets that the B-2707 would never use,
by model shtdles performed with the gear assem- such as entrances to cargo areas, etc. Next, I
bly comfIguration of the B-2707 reduced to a scale each remaining fillet was classified either as

of I In. epuals 10 ft. RoUing turns were used to rare or normal usage. In marginal cases, the
obtain the beat possible approximation of actual fillets were conservatively classified as normal
operating conditions, usage pavements. I
Studies made in this manner indicate that the cri- Where applicable, the standards developed for the
tical requirement for the smooth negotiation of study were used to determine the adequacy of the
intersection turns is st -ling them at the right existing or planned conotruction. A separate
point. In reccopftl.A, this finding, the criteria model study was performed for each intersection
adopted for normal operations of the B-2707 pro- for which the study standards were found
vide adequate margins for misjudgment by the inapplicable.
pilot of the optimum turning point. These margins
are achieved by using a 50-degree nose-wheel Quantities were determined for the improvements
steering angle, rather than the maximum 76 dkg- required to bring eazh inadequate fillet up to the

rees possible, and by limiting to 20 ft the mini- set of study standards by w'.Ich it has been classi-

mum clearance from centerline of outside truck fled. Current unit prices tcr materials and labor
to edge of full-strength pavement. In addition, were applied to the estimated quantities to det-.r-

the maneuvers studied for normal operations mine the costs of improvements. All such costs

were made by rolling the nose wheel in a direct, have been allocated to the B-2707 and are reported
smooth path from the centerline of one pavement in the summary of costs found at the end of the
to the centerline of the other without weaving individual airport reports.L• away from the centerlIn'e prior to actually start-ing the tu n. Holding aprons at the ends of runways are of lessimportance to jet-powered airplanes than to piston-
Within the limits adopted for routine operations, engine airplanes, which require them for engine

Sit way found that the B-2707 can be maneuvered runup. Nevertheless, the holding apron will con-
smoothly around any runway-runway intersection tinue to serve as an area in which aircraft lacking

* and any runway-taxiway intersection paved with departure clearance cr requiring additional last-
fillets of the radii recommended by the FAA in its minute functional checking can wait while those
Advisory Circular 150. 5335-1 (Ref. 15). At behind them pass.
certain taxiway-taxiway intersections, however,
the fillet radii recommended by the FAA are in- Instances of one B-2?07 passing another on a hold-
adequate, in terms of the adopted criteria, for ing apron will be rare. It has been assumed that IB-2707 taxiing operations. the passing B-2707 would sweep its wings to gain

clearance. The adoption of this assumption makes
At most airports there are intersectio~ns which the combination of a B-2707 and a large, current

could require an awkward taxiing maneuver (e. g., subsonic jet on holding aprons critical. The com-
turning the acuteangle of a high-speed exit taxi- bination selected for the study was a present day
way). Since these are not normal maneuvers. a jet with a wing-span of 142 ft an. the B-2707,

less rigorous set of criteria has been used. The which has a 174-ft wtng-pspan. Depending upon the
operating limits adopted for these rarely made geometry- of the apron, the B-2707 (assumed to be
intersection maneuvers permit the use of the the holding airplane) was parked either parallel to
maximum nose -wheel steering angle (76 degrees), the ivng edge of the apron or at a slight angle to it.
weaving away from the direction of turn prior to In maneuvering into its parked positions, the cri-
starting it, and a reduction of 10 ft in the clear- teria of 50-degree nose-wheel steering angle and 3
ance bet-seen the edge of pavement and centerline 20-ft pavement edge distance were observed. The
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subsonic jet was required to pass on the taxiway The properties of all structural materli vere
F centerline while clearing the B-2707 by at least assumed to be those required by the spo i.:ations

25 ft. Where necesse.ry, the modifications re- to which they were constructed. Assun ,i. I
quired by these criteria have been designed and bearing -alues were those used by the c inal
all costs associated therewith have been estimated, designers.
including the resetting or addition of edge lights.

Overpass deck slabs, the iop slabs of b, ulverts,
Terminal aprons and the layout of concourses at and other underground structures havin1  .s[ some airports are such that aircraft parked at the tlhan 2 ft of full cover have been analyze ýr a
outermost gate positions are too close to the peri- live-load distribution based on orthotrc plate
phery of the apron to permit the passage of a theory; this accounts ior the relative at. ,is of
B-2707. Although other large airplanes entering the slab parallel and normal tw the span .th.] service prior to the B-2707 will probably necessi- The top atabs of box culverts and cuiderl •:n
tate increased apron widths in such terminal structures having a fill cover of greate- *n 2 ft
areas, the costs of appropriate modifications have have been analyzed for a live-load distril ion in
been estimated and allocated to the B-2707. acccrdance with Item 1.3, "Distribution wheel

T a aLoads Through Earth Fills," of the Stan
S Terminal area inlays have been provided at some Specifications for Highway Bridges adopt ->y the .
of the study airports. These are concrete pads at American Association of Soate Highway C *ials,
the gate positions which prevent rutting (which Eight Edition, 19f (Ref. 16). The botto -labs
frequently occurs when flexible pavements are of box culverts and the footings of underf ndIsubjected to static or highly channelized loads) structures have been analyzed for a live.- 'lis-
and pavement deterioration caused by fuel spillage. tribution in accordarjce with the same ref
At those airports where the management or tenant item, except that the loads have been dist ted
airlines have installed an -ppreciable amount of longitudinally by the walls. The Lox culvt ind
rigid-pavement inlay, it has been assumed that underground structures have been analyzi -

inlays would be required at the B-2707 gate posi- rigid frame3 for stresses due to dead-loa .'e-
U tions. An inlay 75 ft by 130 ft would provide an load, and earth pressure.

ample margin around the fueling stations, main )
gear, and engines; inlays of this size have been At each ol the airports studied, there are 0n-
assu',.ed for estimating purposes. sive and complex installations of pipe and -uits.

Since complete and up-to-date data on the Te-
4.2.3.3 Structures ments are seldom available, the decision
At every airport investigated, it has been found made to use the same approach as that ust LheI that pavement subjected to airplane loadings is analysis of pavements, and t!e DC-8 was P
underlain by items such as pipes, cuiverts, utility used as the criterion airplane. The resu! lie
conduits, anI baggage channels. At five airports, analysis may be sun.narized as follows:
there are, or soon will be, overpass structures

I ~ or vehicuiar subways carrying airplane loads.
0 For depths of cover of 1 to 2 ft, the B

Static B-2707 loads and their arrangement are the imposes loads 5 percent greater than V
same as those used for the evaluation of pave- imposed by the DC-8-55.
ments. Impact loads have been neglected for all 0 -For depths of cover of 2 ft to about 5 1 Aý

structures, except overpasses and culverts with DC-8-55 imposes the greater load.
less than 3 ft of cover. Individual considerations
of their span lengths led to the adoption of rolling * The depth of cover at which maximun 7';,.e
impact factors ranging from 10 to 30 percent of overstress on the pipe occurs is ,aout
the static load. It was assumed that an)" struc- and, for this depth, the loads inlpooed :'t*
ture requiring a strengthening modification will B-2707 are about 8 percent greater thiO in actuality, be redesigned by the airport operator those imposed by the DC-8-55.
for a growth v.ersion of the critical airplane.
Therefore, structures requiring modifications The DC-s and other aircraft oxerting simil •ads
chargeable to the B-2707 at a gross weight of have been operating at most of the airports ti"df 675,000 lb were redesigned for an airpF.Lne dis- for over 5 vears. The fact that no damage ;-w
tribriting 745,000 lb in the same manner as the Ar conduit was repored iurn, the investig ,

basic B-2707, for cost estimating purposes. is indicative of proper selection of materia i
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good construction practice. Since it would serve building via second-story loaders. Alternate
little useful purpose to remove and replace un- parking positions have been studied to determine
damaged pipe in anticipation of imposed loads only the optimum mode of gate positioning for passen- I
8 percent greater than those currently being borne ger handling. Final gate positions selected and
without evidence of distress, it has been assumed shown in the report have been chosen to ensure
that no cost will be incurred by the B-2707 for taxiing clearance, and usage of existing loading
improvements to pi,•e and conduit. bridges, while maintaining the capability of t'.vo-

door loading.
4.2.3.4 Terminal Area 5
The goal in studies of the terminal area has been Representative costs of alteration or replacement
to examine the degree of flexibility open to the have been estimated for the various loaders in use
airlines for maneuvering and docking the B-2707 at gate positions where the B-2707 can be readily
by conventional techniques. The operating criteria parked. The costs of new loaders at new locations
employed in studying the feasibility of maneuvering on the terminal face have also been estiriated. I
into and from a specific position were as follows: Such costs are greater than those of a replacement

loader by the amount required to provide power
e' Allowance is to be made for a forward roll of and an opening in the terminal face.

10 ft prior to stopping and a 10-ft forward roll
prior to taxiing out. A wide variety of passenger-loading practicas

was observed at the airports included in the study.
A minimum of 25-ft clearance from all fixed At some, ail loading and unloading of large, sub- $
objects, retracted loading devices, and other sonic jets is performed by movable ramps. More

aircraft shall be maintained while maneuver- commonly, however, a mixture of practices is
ing and when docked, excert that a minimum found. Typical of such situations is the one in
of 10 ft from icse to building will be permit- which each airline has exclusive gates assigned to
ted for nose-in parking. it and has been permitted to install loaders of its

own choice at locations of its own choice. To
* Retraction of the wings will not be necessary achieve consistency in the allocation of costs per I

to gain required clearances, gate position, the following criteria have been
* The maximum nose-wheel steering angle of adopted for the purposes of this report:

76 degrees may be employed for maneuvering.

" The nose, which is normally down for grcund * At existing terminal facilities where there are
maneuvering, may be rpised as required to now no loaders and where no equipment has as
clear low obstructions to rmianeuvering. yet been selected for future installation, no

"passenger-loading costs are attributable to
When docked, the l-2707 will not interfere the B-2707. The basis for this reasoning is
with vehicular travelways adjacent to ter- that future installations will, for the most

minal buildings and concourses, part, be compatible with large subsonic jets

Passenger loading evaluation must consider the and, therefore, with the B-2707 as well.

imminent changes to be induced by proposed air- * The same reasoning holds true for proposed
planes and traffic growth. Since the Boeing terminal buildings and for proposed exten-
Model 747 and stretched versions of the DC-8 are sions to existing terminal buildings.
being placed in service prior to the introduction 0If at a particular concourse, satellite, or unit
of the B-2707, it is highly likely that many exist- terminal building it is the cir sent practice of
ing te.minal facilities will have undergone exten- a particular airline to perform all or most
sive architectural remodeling. Hold rooms in passenger loading by means of second-level
concourses, for example, may require enlarge- loaders, then all costs incurred by providing

ment, and the concourses themselves may have the same capability at each B-2707 gate posi-
to be widennd. Since such alterations would prob- tion shown for that airline are attributable to
ably be made even ii the B-2707 were not develop- the B-2707.
ed, the costs involved are not properly attribut-
able to it. * At concourses, satellites, or unit terminals

where the airport operator or the airlines
It is foreseen that passengers wiil normally be have installed loaders at only a few of many 3
transferred between the B-2707 and the terminal positions, second-level loading is not consid- I

V4-B2707-1

160



ered to be normal practice. Therefore, at and the greater height of the B-2707 engines, an
those terminals, no loader costs are attribut- compared to those of current underwing engines,
ed to the B-2707. If an existing loader can be tends tooffset the effects of higher velocities as
used, the costs of any required modifications related to vehicles and personnel on the ground.
to it, plus the costs of a secund new loader
are allocated to the B-2707. In terminal *reas, the principal operational dif-

ference anticipated is that the B-2707 will be
Costs reflected in the summary are average per towed or pushed somewhat farther from tel minal
gate costs for the airport. The total is not shown, faces and other aircraft and more frequently than
since it is dependent upon the total iiumber of posi- is the present practice; this difference will be
tions. Studies are continuing to determine a minor and will not significantly alter terminalU means of utilizing the additional passenger loading operations.
doors beyond the two forward doors used in this
study. The effects of B-2707 let engine exhaust velocity

and temperature on the runway surface have been
Fuel will be a standard commercial kerosene of investigated. Exhaust velocity impingement on
the same grade as that used by subsonic jet air- the runway at maximum dry power is less than
planes. Thus, the existing fuel storage and dis- that caused by present subsonic aMrplanes. Tem-
tribution systems may be used for both super- peratures will I-e slightly higher. Neither velo-[ sonic and subsonic airplanes. city nor temperatures at maximum dry power will

affect concrete )r asphalt runway surfaces. With
The B-2707 has a usable -',iel capacity of 54,790 augmented power, impingement exhaust velocities

SU.S. gal. Fuel will be loaded througb two illu- and temperatures are higher than current subsonic
minated underwing fueling stations, each with jets. However, no damaging effect to asphaltic
two nozzle connectors. The airplane is designed runways is expected.
to accept 2000 gpm at a maximum pressure of
50 psi at the nozzle. At th;.• airports where 4.2.3.6 Runway Length Requirements
underground fuel supply lines are not installed, it Takeoff and landiag runway lengths were evaluated
will be practical to refuel the B-2707 from large against the airplane performance requirements
tanker trucks. The designs of most existing listed on Table 4-B. The combination of high-fl underground systems have been based upon a thrust engines and variable-sweep wings provided
maximum fueling rate of 1200 gpm per gate. In compatibility Nvith all the anticipated use runways
general, the B-2707 will occupy two curreiit gate at the 15 airports studied.
positions. Since the ideal flow rate of 2000 gpm
for the B-2707 is less than twice the ideal flow 4.2.3.7 Fire Rescue Equipment
rate of 1200 - 1600 gpm specified for the current Considerable research and development in air-
subsonics, increases to the loop system sizes craft fire rescue technology is in progress. The
are not considered to be attributed to the FAA and the military are engaged in studies and
supersonic transport. experimental progi aris designed to improve equip-

ment response time and fire-fighting materials,
Existing fuel hydrants will probably not be adapt- capabilities, and techniques.L able to the B-2707. It appears that the ASA stand- c ih

ard 2-1/2-in. hydrant connection will have to be The advent of subsonic jets with passenger-
replaced by a 4-in. connection to satisfy the air- carrying capacity comparable to the B-2707 is not
plane fueling rate requirements. Where under- expected to necessitate the development of new
ground fueling sys,.ems are in place or firmly types of rescue equipment. Safety aspects of theI planned, the. average costs of providing new hy- B-2707 design including crash safe3ty, emergency
drants and laterals have been calculated and attri- escape, and crash fire safety assurance will meet
buted to the B-2707. or exceed the requirements of FAA specifications.

Valuable extra minutes of protection for occupants
U 4.2.3.5 Blast Effects of the B-2707 may be gained from the temperature-

The principal difference in relation to blast effects resistant titanium fuselage. The arrangement
between the B-2707 and current subsonic jets is and size of the exits permit evacuation of passen-B in engine thrust. While jet wake velocities are gers in 90 seconds cz., the ground with all exits
generally higher for the B-2707 (both GE and blocked on one side. Fire and rescue equipment
P&WA engines) than for current large subsonic beyond that available when the B-2707 is intro-11 jets, these differences, both at breakaway and at duced into service is not anticipated.
maximum thrust are not proportionately large,
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Tabl. 4-8. Runway L.ngtb Roquirnmnis 3
P&WA Engines GEP&WA 1GE 1

FAR LANDING FI'ELD LENGTH (Flaps 200/40*) I
Dry Runway (Lengths in Ft)

Normal Landing Wt 5
P&WA - 378,000 lb 6,800

GE - 384,500 lb 6,909

Max Design Landing WtI

P&WA - 420,000 lb 7,400

GE - 430,000 lb 7,500

Wet Runway per FAR 121.195 (d)

Normal Landing Wt 6,900 7,000 5
Max Design Landing Wt 7,500 7,600

FAR TAKEOFF FIELD LENGTH -

(Max takeoff wt. - 672,000 lb) (Lengths in £ ,

Full Augmcntea Power

Standard day

Sea level 7,300 7,000

2,000 ft elev 8,300 7,900

SStandard day + 20°C

Sea level 8,900 8,800

K 2,000 ft elev 10,200 •,900
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In view of the fact that FAA safety standards have c. The terminal apron expansion proposed
been met or exceeded, no cost- for fire and rescue on the Airport Master Plan will have been accom-
equipment have been included, unless specifically plished prior to the introduction of B-2707 oper-
requested by the airport operator. ations. As a result, improvements to the fillets

at the periphery of the existing terminal apron
4.2.3.8 Airport Evaluations need not be considered.
Resuits of the application of the foregoing evalua-
tion criteria to the 15 designated airports, along The total costs for pe 3 ment improvements asI with appropriate aerial photographs, are included listed are attributable to the B-2707. They have
in subsequent paragraphs of this report. Blast be-en estimated using current construction costs;
effects, runway length, and fire and rescue equip- tne results are summarized in Par. 4.3.5.
ment are not treated for individual airports, vn-
less specifically requested by the airport operator. At Anchorage International Airport, there are

presently three holding aprons; one near the
4.3 ANCHORAGE INTERNATIONAL AIRPORT threshold of runway 13 and one at each end of run-

way 6-24. As shown on Fig. 4-6, runway 13-31 is
4.3.1 Evaluation of Pavements planned to be extended on both ends. It has beenII@
All pavements are of flexible construction and are assumed that the extension of runway 13-31 will
supported by a sand filter course up to two feet include holding aprons satisfactory for B-2707 use.L thick. Although subgrade construction of this kind
is non-plastic, the airport operator reports that
extensive areas of the subgrade hold water and Runway 6. Because the holding apron at the
are susceptible to frost. The reports recommend southwest end of the primary runway does notL the use of an FAA subgrade classification of F6. meet the criteria stated in Par. 4.2.3, the costs
The FAA method of pavement design with an F6 of extending it have been allocated to the B-2707.
subgrade classification results in a required flex- The north edge of the apron cuts into the slope of
ible pavement thickness for the DC-8 of 34 in., a low hill, but its west side has been built on a
for the B-2707, the requirement is 32-in. Runway shallow fill. The assumption has been made that
6--24, 10,600-ft long, was constructed with a num- the apron will be widened to the west and will, as
ber of different pavement cross-sections, none a result, incur only minor costs for grading work.D less than 35-in. in total thicloess. Most terminal Runway 24. According to the criteria discussed
area and taxiway pavements are 37-in. thick, in Par. 4. 2. 3, the apron dimensions are

Because the B-2707 has a pavement thickness

f requiremernt less than the DC-8-55, no costs have 4.3.3 Evaluation of Structures

U been attributed to the B-2707. From the available data, it is judged that all pipes
and corduits beneath airfield pavements are within

S 4.3.2 Requirements for New Pavements the range of acceptable conditions as defined in
The geometry of all paving fillets was taken from Par. 4.2.3. Therfore, they are compatible with
plans made available by the airport operator and the B-2707.
verified from an aerial photograph. Included in
the investigation were 25 fillets, 14 of which re- 4.3.4 Terminal Area ConsiderationsL quire impro.rement. The general assumptions Anchorage International Airport plans a complete
and criteria for the present evaluation may be revision of its terminal area. Recently completed
found in Par. 4.2.3. The specific assumptions is a hexagonal-shaped satellite currently being
made for the investigation of the fillets at served from the existing building by a temporary
Anchorage are as follows: connection through the finger pier. Construction

of the new finger pier indicated on Fig. 4-7 will
a. Runway 13-31 will be extended as shown provide a permanent connection to the rentral

on Fig. 4-6 prior to the introduction of the building. The three nose-in loading positionsB-2707, As a result, its exit taxiways wvili bebulngThtreno-ilodgpotin13-2707 Asui esult, iy t e xt t s wshown are based on an initial anticipated require-used routinely by the B3-2707. ment for forward door loading only. These posi-

b. Cost estimates given have been based tions, shown on Fig, 4-7 have been found satis-
upon the conservative assumption that existing factory, with respect to maneuvering, adaptabil-
fillet radii will only be improved when required ity to different gate arrangements, and effects
by the introduction of the 1B-2707. upon adjacent gate positions.
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A single fixed-length loader (swing-type) has been For use with the FAA flexible pavement design
installed on the new satellite. This loader is corn- procedure, an FAA subgrade classification of F!
patible with the B-2707 for forward-door loading. is recommended by engineers of the Department
No costs have been allocated for the other two of Aviation. For use with the Corps of Engineers
positions shown, on the assumption that any load- method, a minimum value of CBR 20 is judged to
ere that may be installed in the future will be of be reasonably conservative by the airport operator
adequate length. and his consultants. Using these data, the FAA

method of calculation results in DC-8-55 and
Underground fueling at Anchorage consists of one B-2707 requirements of 15 and 13.5 in. of
service point at the north end of the ,',J terminal pavement, respectively. By the Corps of
and a system recently installed to serve the new Engineer's method, 18 and 20 in. are required.
satellite area. The fuel systems will require For purposes of the study, the Corps of Engineers'
modifications to satisfy B-2707 requirements, pavement design method has been applied, result-
The cost has been estimated and included in the ing in selection of the B-2707 as the critical air-
summary, plane. All of the newer pavements are 20-in.

thick and are presumed adequate.4.3.5 Estimated Costs$

a. Lump Sum Items As noted, the older payments now range in thick-
ness from 16-1/2- to 20-1/2-in. For the B-2707,

Modification of 14 fillets: the 20-1/2-in. thickness corresponds to the pave-

Full-strength pavement ment requirements of a subgrade having a CBR
at $8 pere sq avde$30,000 value fractionally lower than 20; while the 16-1/2
a r y0in. thicknesis corresponds to CBR 26. It is logical
Shoulder pavement 27,000 to assume that the recommended minimum CBR 3
Revisions to lights and signs 17,000o value represents the subgrade conditions under-

lying those areas of older pavement that required
Widening of runway 6 holding 4 in. of leveling courses when the 1-1/2-in. over- 3
apron: lay was placed. Since the pavements in such areas

Full-strength pavement are now 20-1/2-in. thick, the B-2707 would im-
pose no additional thickness requirements on the

Shoatu$8lper sqvemy,000 weakest subgrades. It is reasonable to assume (
Shoulder pavement 5,000 that higher subgrade strengths generally occur

Revisions to lights 1 , 000 in areas that underwent little or no settlement,
in which case the 16-1/2-in, thick pavement

Total Estimated Costs $80,000 wuuld be adequate for the B-2707. a
b. Unit Costs per Gate Position

Fuel system modifiuation $20,000 4.4.2 Requirements for New Pavements
The geometry of all paving fillets were taken from

4.4 FRIENDSHIP INTERNATIONAL AIRPORT, plans made available by the airport operator. In-

BALTIMORE cluded in the investigation were 36 fillets, 6 of
which require improvement, and 7 curved taxiways,

of which 4 will require improvement. The general
4.4.1 Evaluation of Pavements assumptions and criteria for the pavement evalua-
Except for concrete inlays in the terminal-area tion may be found in Par. 4.2.3. The specific
apron, all pavements at the Baltimore Friendship assumptions are as follows: (1) because of planned
International Airport are flexible. Original pave- extensions (Fig. 4-8) to runways, existing exit
ments were composed of a 5-in. granular subbase, taxiways nearest present landing thresholds will
7-in. bituminous base, and a 3-in. surface course, be used routinely by the B-2707; (2) the present in-
In 1964-196i, all such pavement was given a level- vestigation takes into account only those fillet
ing course, which varied in thickness from 0 to improvements that are firmly planned 'or 1967;
4 in., with a 1-1/2-in. overlay. Thus, the orig- and (3) extensive revisions are planned for the
inal pavements range from 16-1/2 to 20-1/2 in. terminal apron and its peripheral taxiway
in thickness. Newer flexible pavements are si(- (Fig. 4-9)_ It is assumed that these revisions
ilar to those constructed in 1950, except that the will have been accomplished prior to the intro-
subbase courses are 10-in. thick, and are not duction of the B-2707; hence, certain existing
overlaid. Thus, their total thickness is 20 in. fillets need not be investigated for compatibility.
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The total costs for the improvements to the pave- pier concept. Three separate buildings connectedU ments described are attributable to the B-2707. by pedestrian concourses compose the center of
The estimates are based upon current construction the terminal area. Two finger piers have already
costs, and the results are summarized in been built. Extensions for the two existing piers

/ Par. 4.4.5. and construction of a third are in the planning
There are three major holding aprons at Friend- stage. A Y configuration has been assumed for
ship IThereaethree mAiror. Aolding ipros beFiengdc- the extension of the north pier. Eight B-2707 posi-
ship Internatiornal Airport. A fourth is being con- tions have been indicated in Fig. 4-9. Internal•] structed at the runway 33 threshold. When this parking is not feasible due to the restriction of

construction is completed, there will be holding maneuvering room, and the encroachment on the

aprons at each end of runway 10-28 and runway potential parking positions of smaller airplanes.

15-33. Each appears to be adequate by the cri-

teria stated in Par. 4.2.3. There are small All loading and unloading of passengers at Balti-
paved areas used for holding, near the threshold more is presently done by means of mobile ramps.
of runways 4 and 33. Another such area is located Ten swinging fixed-length type loaders are cur-
adjacent to taxiway G, near the end of runway 10. rently being purchased for installation. Consider-
Information from the Department of Aviation indi- Ing that the B-2707 positions shown on Fig. 4-9
cates that these areas will not be used by the are all at proposed future pier locations, it is
supersonic transport, anticipated that the equipment now on order will

[• adequately accommodate the B-2707. No cost has
It is the opinion of the airport operator that rigid- been assessed against the B-2707.

pavement inlays would be required at the B-2707

gate positions. Accordingly, a cost-per-gate- Airplaxie fueling is now performed with mobile ten-
position has been estimated. ders. The tenders are operationally flexible and
4. Ecan be furnished in qyantities sufficient to supply4.4.3 Evaluation of Structures the B-2707.

Two box culverts required investigation. A 7-by

5-ft reinforced-concrete structure, passes be- 4.4.5 Estimated Costs
neath runway 10-28, with a depth of cover of about
18-ft. A 9-by 6-ft, 7-in. reinforced-concrete a. Lump Sam Items
structure passes beneath the east-west taxiway
with a depth of cover of about 22-ft. For both Modification of 6 fillets and
structures, the critical section was mid-point of 4 curved taxiways:
the top slab of the box. The calculated stresses Full-strength paveme-t
induced in reinforcement and in concrete were at $7 per sq yd $11,000
less than the allowables.I~J Revisions to lights and

There are a number of drainage structures so sign 8,000
located in the airfield pavements at Baltimore that
they are subjected directly to plane loads. Each Total Estimated Costs $19,000
of the different types was investigated to determine
its adequacy for supporting the maximum load of b. Unit Cost Per Gate Position
the B-2707. The investigations included grates, Terminal Apron Inlavs $1,400
supporting beams, and footings. All grates and
their supporting beams would be under-stressed by 4.5 LOGAN INTERNATIONAL AIRPORT, BOSTON
the B-2707's imposed live load with 30 percent
impact factor. Stresses in footings are within the 4.5. 1 Evaluation of Pavements
design limits, as are the soil bearing prv_-.ur-•. Logan International Airport (Fig. 4-10) is con-

structed (n a hydraulic clay fill having an FAA
All pipes and conduits beneath airfield pavements subgrade classifa:icaon of i7. The hydraulic fill
are within the range of acceptable conditions was placed on top of an organic silt layer. The
st,'ted in Par. 4.2.3. intention x•as to have the fill displace the silt and

come to rest on an underlying layer of firm clay
4.4.4 Terminal Area Considerations but the organic si!.t has not been fully displaced.
The terminal at.'a at Friendship Internationa! As a result, there havebeen settlement problems
Airport follhmo the central terminal and finger at the airport.
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All existing pavements are flexible. Except in the a. Runway 4R Holding Apron. This apron
original terminal area, where a 10-ft-thick layer does not meet the criteria of Par. 4.2.3. A
of pit-run gravel was placed prior to paving, the widening of approximately 30-ft to the south is
39-in. -thick pavements were constructed directly necessary for B-2707 usage, putting the south
on the clay fill. Leveling courses and an overlay edge of the expanded apron immodiately adjacent
added a minimum of 2-in. to the runway. In the to an existing maintenance roadway. This action will
areas of maximum settlement, the total thickness require the relocation of approximately800-ft of
of flexible pavement added was as high as 27-in. perimeter maintenance roadway. Estimated cost
Some sections of taxiways that developed settle- for this relocation, including paving, filling into
ments have also been corrected. Elsewhere, the Boston Inner Harbor, and rip-rap slope protec-
taxiways have received seal coats. The critical tion, is included in Par. 4.5.5.
pavement areas in the terminal and the pavements
at aprons and taxiway intersections have been b. Runway 15R and Runway 27. Holding
sealed with a tar-rubber compound which resists aprons for these runways satisfy the requirements
deterioration from fuel spillage. Visual inspec- of Par. 4.2.3.
tion showed all the pavements to be in good con-
dition with some minor longitudinal rutting in one c. Runway 33. The apron at runway 33
of the taxiways. threshold now consists of a section of pavement

placed for planned runway 9R-27L. Widening
The airport's pavements were designed in accor- will be necessary If 9R-27L is not constructed
dance with the equivalent single wheel load method prior to the instroduction of B-2707 service.
developed by the Civil Aeronautics Adminstration. Costs have been estimated for the, appropriate
For the design of critical pavement sections, the widening and necessary relocations of lights and
present FAA flexible pavement design system signs.
results in a thickness requirement for the DC-8-55
of 39-in. ; for the B-2707 the requirement is 4.5.3. Evaluation of Structures
37-in. On this basis, the costs of any pavement Two storm-water drainage structures were inves-
strengthing would not be attributable 'to the B-2707. tigated for B-2707 loadings. These structures pass

beneath taxiways connecting runway 4L-22R and
New terminal apron construction in the current the east side of the terminal apron.
expansion program is 15-in. -thickportland
cement concrete. In some areas, it is being A double 3-by 4-ft reinforced-concrete bbx culvert
placed directly on old pavements; in others, on a supported on piles carries the flexible pavement of
24-in. gravel subbase. Aprons so constructed one taxiway directly. A check of the pile loads and
will be compatible with the B-2707. the stresses in the concrete and reinforcing steel

shows that the structure is capable of carrying the
4.5.2 Requirements for New Pavements B-2707.

Included in the investigation were 44 fillets and 3

curved taxiways, of which 4 fillets require im- A pile-supported, concrete-bedded, 34-in. -
provements. The geometry of the fillets was diameter concrete pipe culvert carries storm-
taken from plans made available by the airport water runoff beneath the south taxiway. The min-
operator and verified from an aerial photograph. imum cover on the section of the pipe subjected to

aircraft loadings is about 5.5-ft. Pipe of the
The total costs for the pavement improvements lowest strength (Class I) and having a Class A
listed are attributable to the B-2707 and were esti- bedding condition was assumed for investigation.
mated, using current construction costs. The The pipe in its bedding is more than adequate to
general assumptions and criteria for the pavement sustain the B-2707 live loads. The adequacy of
evaluation may be found in Par. 4.2.3. The ter- the piles is questionable; however, the B3-2707minal apron expansion at Logan International Air- imposes a total load only 5 percent In excess of

port shown on Fig. 4-11 will be completed prior that imposed by the DC-8-55. No costs for
to the introduction of B-2707 operations, elimi- strengthening the culvert supports have been
nating the need for improvements to the fillets at attributed to the B-2707.
the periphery of tha existing terminal apron.

All other pipes and conduits beneath the airfield
Results of the investigation of the holding aprons pavements are within the range of acceptable con-
at Logan International Airport are provide below. ditions stated in Par. 4.2.3
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4.5,4 Terminal Area Considerations Full-strength pavement at
The current expansion program will greatly in- $9 per sq yd 17,000
crease the number of airport gate positions. Two Shoulder pavement 7,000
new terminal buildings and loading facilities on
each of the four T-shaped existing piers is sched- Revisions to light3 3,000
uled. A new terminal building is under construc- Relocation of roadway 50,000
tion in the southwest area of the terminal apron.
The three future piers are planned for both linear Total Estimated Costs $127,000

Sand satellite loading. Airplane parking positions 4.6 O'HARE INTERNATIONAL AIRPORT,
are also arranged along the faces of the terminal CHICAGO
buildings and their connecting concourses. Fif-
teen parked B-2707's have been shown at the outer 4.6.1 Evaluation of Pavements

gate positions of the existing and future piers. The layout of present and proposed pavement is
The positions shown at existing T piers have been shown on Fig. 4-12. Both rigid and flexible
investigated on the basis of their anticipated future pavements have been constructed at O'Hare Inter-
development. It can b - demonstrated that interior national Airport. In some places, the rigid pave-II positions ire also fcasible. ments have received bituminous overlays. Engi-

eers of the Chicago Department of Aviation
The plans for second-level loading are presently recommend the use of a subgrade modulus of

fl incomplete. If maneuvering clearances and sili reaction of k = 100 for the design of rigid pave-
heights of future airplanes are considered in the ments and an FAA soil strength classification of
selection of loading equipment, the B-2707 gate F4.
positions shown on the terminal area exhibit can
be adapted for simultaneous two-door passenger The critical areas at the inds of runway 14R-32L,
loading. No costs are chargeable to the B-2707 sections of the taxiway parallel to it, taxiways
for the adaptation of passenger-loading devices T-1, T-2, T-3, and T-7, and the terminal areaU until plans for loading arrangements become apron consist of 15-in. -thick concrete pavement
better defined, over 12-in. of crushed-stone base. The modulus

of reaction recommended for use on top of the
stone base is k = 190. For these conditions, it isO Aircraft fueling is now performed with mobile calculated that tha fully loaded DC-8-55 induces

tenders wbich are operationally flexible and capa- flexural stresses about 6 percent higher than the
ble of supplying the fuel requirewents of the recommended maximum allowable, which is
B-2707. 330 psi. The B-2707, on the other hand, would

induce stresses about equal to the allowa',le.

4.5.5 Estimated Costs The noncritical portion of runway 14R-32L is an
li-in. -thick concrete pavement with a maximumf r Lump Sum items allowable flexural stress of 330 psi. The calcu-

Modifications to 4 fillets: lated stresses induced by the DC-8-55 and the
B-2707 in this pavement are, respectively, 51

Full-strength pavement at percent and 44 percent higher than the allowable
$9 per sq yd $11,000 recommended. Because the B-2707 is leas crit-
Shoulder pavement 8,000 ical than the DC-8-55, no pavement upgi ading

costs have been attributed to the B-2707. Run-
Revisions to lights and signs 5,000 way 14L-32R and taxiways serving it are 12-in. -

Widening of runway 33 holding apron: thick concrete pavements. Asphaltic concrete
overlays ranging in thickness from 2-to 4-in.

Full-strength pavement at have been placed over much of the original con-
$9 per sq yd 19,000 structinn. The flexural stresses induced in all of
Shoulder pavement 5,000 these pavements are again somewhat higher for

Revisions to lights 2,000 DC-8-55 loadings than for B-2707 loadings. The
costs of any future pavement improvements would

Widening of runway 4R holding apron: not be attributable to the B-2707.

J,
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The FAA method was used to design O'Hare's 4.6.4 Terminal Area Considerations
S flexible pavements, which are 27- and 29-in. The terminal area at O'Hare Internat!:,aal Airport

thick. Pavement thickness requirements for the (Fig. 4-13) is basically patterned on the central
DC-8-55 and the B-2707 are 25.5-in. and 24-in., terminal and finger pier concept. The central

respectively. Therefore, the DC-8 ic aontrolling domestic terminal is actually two buildings branch-L and both airplanes are compatible with the exist- Ing from a circular central service core. At some
ing flexible sections. distance from the domestic terminal, but connected ,

to it by concourses, is the international terminal.
Maneuverability studies Indicate that there are

4.6.2 Requirements for New Paverients about 22 parking positions where the B-2707 could
Included in the investigation were 101 fillets and 5 be readily accommodated. The finger pier con-
curved taxiways, of which 11 fillets reqaired im- figuration readily lends itself to the canted park-

S provements. The geometry of the fillets was taken ing position. This has the inherent advantage of
from plans made available by the airport operator minimizing the need for modifications to existing
and verified by aerial photography. The general passenger leading devices, the required lengths
assumptions and criteria for the pavement evalu- of new loaders, and the extent of modification to
ation are found in Par. 4.2.3. The specific underground fueling systems. No parking studies
assumptions made are as follows: were made of the two linear concourses proposed

in the master plan ef the terminal area because of

a. Existing runways 9-27 and 4-22 will be the tentative status of planning.

decommissioned p•'ior to the introduction ofdecomisione pror o th inrodutio ofWith the typical canted parking position shown, it
B-2707 operations, is possible to utilize the swinging-telescoping

. bridges existing at some locations. These bridges
Sb. Turns of 180 degrees between the inner would require adjustment to their vertical arti-

and outer circular apron taxiways are rarely made, culation capability in order to reach the second
as are consecutive 90 degree turns made in oppo- door sill of the B-2707.
site directions between these two taxiways.

At pier D, three existing swinging-telescoping
-he total costs for the improvements to the pave- loaders could be jnodified and utilized for the two
ments described above are attributable to the end-of-pier positions. For the westerly end posi-
1B-2707. These costs have been estimated using tion, an existing loader might be modified and
current construction costs; the results are sum- utilized at the second door. Similarly, the two

marized in Par. 4.6.5. interior positions could be served by three exist-
ing loaders. One existing non-telescoping loader

The holding aprons at the thresholds of runway might be relocated to service the forward door of

14R-32L are adequate for the B-2707 by the cri- the westerly interior position.
teria stated in Par. 4.2.3,. The three other Teedpstosa ir n n h i

aprons that presently exist arc inadequate; how- positions at H and K require new loaders. All
ever, they will not be used for holding. No costs three parking positions at pier G can be served
have been estimated for expansion of O'Hare's with modified existing equipment.
holding aprons.

4.6.3 Evaluation of Structures A loop fuel system having a combined capacity of
S A circumferential taxiway bridge is presently 46, 300 gpm serves all concourses except the

being constructed over the airport access highway. International Arrivals Building, where the system
While this structure is designed for a 600,000-lb has been abandoned. The typical jet gate position
airplane, the load distribution from the 675,000- is served by two sets of underwing hydrants, each
lb B-2707 is such that the structure and the air- of which is connected to a different supply loop.fl plane are compatible. At each of the B-2707 positions shown on Fig.4-13,

All pipes and conduits beneath the airfield pave- two new fueling hydrants are considered necessary,{ ments are within the range of acceptable conditions to permit the B-2707 t,. be refueled at its maxi-
stated in Par. 4.2.3. Thereiore, they are com- mum rate. To serve these hydrants, new laterals
patible with the B-2707. have been included in the cost estimates.
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4. 6. 5 Estimates Costs quire a simple widening to meet the requirements
outlined in Par. 4.2.3; the cost of this improve-

a. Lump Sum Items ment will be charged to the B-2707. Immediately
adjacent to the terminal apron is the holding apronModification of 11 fillets: for runway 21R which has the same dimensions as

Full-strength pavement at the apron at the opposite threshold. Planned
$10 per sq yd $49,000 additional paving adjacent to the proposed satellite
Shoulder pavement 25,000 on finger G, will provide sufficient pavement for
Lihoulderpvemens 1,000 holding and taxiing operations.ULighting revisions 14,000

Total Estimated Costs $88,000 The geometry of the taxiway, holding apron, and
terminal apron pavements was checked for the

b. Unit Costs per Gate Positions following concurrent events: (1) a current large

Passenger loading devices $50,000 subsonic jet parked nose-in at the end of the
United Air Lines Satellite; (2) a B-2707 with wings

Fuel system modification $12,000 fully extended taxiing on the apron past the parked
jet; (3) another B-2707 with wings fully extended

4.7 DETROIT METROPOLITAN WAYNE COUNTY parked on the existing holding apron; (4) a current,
AIRPORT large subsonic jet taxiing on the taxiway parallel-

ing runway 3L-21R. Adequate operational
4.7.1 Evaluation of Pavements clearances can be maintained without any revision
The layout of present and proposed pavement is of the pavement geometry in spite of this unlikely
shown in Fig. 4-14. All pavements at Detroit are concentration of traffic.
rigid and in excellent condition. The runways
consist of 13-in. -thick slabs in the critical sec- 4.7.3 Evaluation of Structures
tions and 11- in. -thick slabs in the noncritical A simple span bridge over a storm-water drain is

fI interior sections. Taxiways and aprons are 12- located abrnut 2,300 ft from the threshold of runway
in. thick. The subgrade modulus recommended 3L. The 300-ft-wide section and 125-ft-wide see-
for slab design and analysis is k = 200. The maxi- tion supporting runway 3L-21R and its parallel
mum allowable concrete flexural stress is 350 psi. taxiway, respectively, were designed for a grossU When operated on any of these pavements at their weight of 300, 000 lb. The design load was a DC-8
maximum weights, both the DC-8-55 and the with 150, 000 lb on each 4-wheel truck. Detailed
B-2707 induce flexural stresses greater than the analysis of the bridge design shows it to be ade-
allowable. However, the DC-8-55 imposes slight- quate for the B-2707.
ly greater stresses in every case. Since the pave-
ments are apparently compatible with the aircraft All pipes and conduits beneath airfield pavements
operating there today, it is anticipated that they are characterized by the range of acceptable con-v will also sustain the B-2707. ditions stated in Par. 4.2.3 and are compatible

with the B-2707.
4,7.2 Requirements for \Tew Pavements
Of the 77 fillets and 2 ourved taxiways investi- 4.7.4 Terminal Area Considerations

4 gated, 22 fillets and both curved taxiways will re- Vhe layout of Detroit's passenger terminal employs
I quire improvement. The geometry of all paving a modification of the unit terminal concept. When

fillets was taken from plans made available by the the current expansion is complete, passengers will
airport operator and verified from an aerial photo- be processed in two separate terminal buildings
graph. General assumptions and criteria leading located near the ends of a linear building arrange-
to the standards adopted for the present evaluation ment. The two terminals and the central services
are in Par. 4.2.3. All costs associated with building between them will be connected by a pab-
such modifications have been estimated and charg- senger concourse from which four of the six load-
ed to the B-2707. Fillet modifications, where in r fingers will extend. (A seventh finger, which
required to accommodate the B-2707, are mini- is shown on the master plan of the terminal area,
mized by the 200-ft width of existing runways. wculd also extend from the linear concourse.)

8 There are holding aprons at each threshold of run- Studies of the existing six fingers with their pro-
way 3L-21R, the irstrument runway at Detroit. posed modifications have shown canted and parallel
Each is connected to the runway by a 75-ft wide, parking modes to be preferable to the nose-in

f curved taxiwav. The apron at runway 3L will re- mode. All eleven B-2707 parking positions, as
t shown on Fig. 4-15, were studied on the basis of
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feasi,•ity for maneuvering and docking by con- 4.7.5 Estimated Cost
ventional techniques. Results of parking studies
showed that fingers A, B, C, D, and F will ac- a. Lump Sum Items
comnmodate the B-2707. Two positions may be Modification of 22 fillets and 2
occupied simultaneously at piers A, B, D, and F, curved taxiways:
and three at pier C. Pier E, a single-story build- Full-strength pavement at
ing planned for local service airlL-ies, was not
considered for B-2707 docking. Finger G parking $12 per sq yd $74,000
studies were not made because of tho tentative Shoulder pavement 12,000
status of future plans. The particular arrange-
ments silected have been investigated for feasi- Revisions to lights 31,000
bility of convenient maneuvering, effects on the Widening of runway 3L
availability of adjacent gate positions, and adapta- holding apron:
bility to existing gate arrangements and loading Full-strength pavement at
procedures. All suggested modifications to pre-
sently planned loading facilities will result in $12 per sq yd 8,000
equipment -.hich will be common to the B-2707 Revisions to lights 2,000
and to the '•zbsonic jets. Total Estimated Costs $127,000

Swinging-telescoping bridges predomninate over b. Unit Costs Per Gate Position
the variety of passenger loading devices. The
existing swing-type nose-loading bridges at finger Passenger loading devices $50,000
pier A (Fig. 4-15) can be vertically modified to Fuel system modifications 8,000
serve the westerly position indicated at that loca-
tion. For the easterly position, one new loader 4.8 HONOLULU INTERNATIONAL AIRPORT
will be required. At finger pier B, two existing
swinging-telescoping loaders can be modified to 4.8.1 Evaluation of Pavements
serve the position west of the pier. At the east- Due to the highly directional prevailing winds at
erly position, one existing loader can be modified this airport, over 90 percent of all operations are
and utilized for the second door. For the forward conducted in the easterly direction on runway 8-26.
door at this position, a new loader will be requir- Other runways at the airport have, therefore,
ed. The end position for finger pier C will re- been omitted for this B-2707 compatibility study.
quire two new loaders. A similar treatment can
be applied to the position on the north side of the Both flexible and rigid pavements are uo ed at this
pier, where existing nose-loaders are not com- airport. Rigid pavements consist of 12- to 15-in.
n.atible with the B-2707. For the southerly posi- of concrete laid over varying thicknesses of com-
tions shown, one existing loader can be modified pacted coral base. Flexible pavements, varying
vertically and one new swinging-telescoping load- in thickness from 24- to 75.5-in., are constiuc-
er will be required. The end position indicated ted of bituminous concrete surface, a crushed
at pier D can be served if the existing loaders are coral base, and, where required, a coral subbase.
modified. The remaining position will require The existing soil conditions are extremely com-
one new swing-type loader for the forward door plex and variable, ranging from poor to excellent.
and a vertical adjustment to an existing loader to
serve the second door. At finger pier F, four The subbase rating for concrete pavement in the
swing-telescoping loaders will be required to terminal area is equivalent to k = 400, based on a
service the two positions shown on Fig. 4-15. subgrade rating of k = 170 under a 24-in. thick
The existing nose-loaders are inadequate for the base. The base for concrete pavement on runway
B-2707, and modification is not deemed feasible. 8-26 in Hickam Air Force Base is rated by the

Corps of Engineers as k = 300. Minimum sub-
With the exception of United- Air Lines, airlines grade CBR values from limited test data range
serving Detroit presently fuel with trucks capable fxcm 3 in the airfield area to 7 in the north por-
of servicing the B-2707. United Air Lines has tion of the terminal area. No data are available
an underground fueling system at finger F. The for most of the terminal area. The entire runway
parking arrangement (Fig. 4-15) will require the area has been given an FAA classification of F9,
addition of four hydrants at two gate positions "or batd on an E-12 soil.
B-2707 compatibility.
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Flexural stresses induced in the apron area and placed at the time the 3-in. overlay is placed on
for pavement at the west end of runway 8-26 are the Honolulu portion of taxiway A. The resulting
somewhat higher for DC-8-55 loadings than for wearingcourse will then total 6-in. of asphalt, half
the B-2707. Costs of improvements, if any, of which includes a base equivalence factor of
would not be attributable to the B-2707. 1.5, making the equivalent total pavement thickness

equal to 65-1/2 in. The B-2707 will require
Apron and taxiway flexible pavements in the ter- 70-1/2 in., or a 5-in. additional overlay. This
minal area are 24-in. thick and give good service amount, adjusted for base equivalence, is 3-1/2-
under DC-8 and other heavy jet traffic. The 24-in. in. thick and attributable to the B-2707.
pavement section with the DC-8 loading of
328,000 lb requires a subgrade CBR of 14.5. Based on limited boring information, the section ofD This value is judged to be more representative of the runway east of Hickam Air Force Base is as-
actual subgrade strength than the single low value sumed to have a minimum pavement thickness of
of 7 noted. For a CBR of 14.5, the required pave- 66 in.. of which the upper 4 in. is a bituminous
ment thickness for the B-2707 is 26 in., or 2 in. wearing surface. The placement in 1967 - 1968D more than the existing thickness. The apron and oti ihe planned 3-in. oveulay will increase the
taxiways, however, are scheduled for a 3-in. actural thickness to 69 in. If the base equivalence
overlay in 1967 - 1968. These pavements, there- factor of 1.5 is applied to the existing 4-in. wear-
fore, are considered to be compatible with the ing surface, the effective total pavement thickness
1B-2707. at the time the B-2707 enters servicewill be 71 in.

LUFor noncritical runway areas, the ability of such
Taxiway A, between taxiway D and ltickam Air a pavement to support the B-2707 would require a
Force Base (Fig. 4-16) has a minimm pavement CBR of 3.3. The pavement is thus compatible
thickness of 24 in. In some areas of soft clay or with the B-2707.
muck, the pavement has been placed on a minimum
of 48 in. of compacted select material and 6 in. In view of the improved methods of placing fill,

or more of select backfill. For the DC-8, this quality of materials employed, and its traffic his-
24-in. pavement would require a CBR of 14.5 for tory, a minimum CBR of 3.8 haq been assumed
the compacted select material. Since this taxiway for the Honolulu section of the runway. The
has performed satisfactorily for the DC-8 and Monolulu segment of runway 8-26 will this be com-
other heavy jet traffic, a strength equal to a CBR patible with the B-2707. Similarly, with the plan-

of at' least 14.5 is considered lo exist, as in the ned overlays, the 3,350-ft of runway 8-26 immedi-
adjacent apron area. A 3-in. overlay is scheduled ately west of the Hickam-Honolulu property line
in 1967 - 196P for the Honolulu sections of taxiwav will also be compatible with the B-2707.
A and runwav 8-26. Therefore, taxiway A eastof

Ifickam Air force Base is considered compatible 4.8.'2 Requirements for New Pavements
with the B- 2707. The taxiway A section on Hlickam The geometry of all pavt.,g fillets was taken from
Air F" rcc Base is reported to have a minimum plans made available by the airport operator and
thicknes' of 62 in. It has sustained the loads im- verified from an aerial photograph. Of the 31
posed by the DC-8-55 and other heavy aircraft for fillets and 3 curved taxiways investigated, 3 fil-
several years withut adverse effects. The design lets will require improvement. General asaimp-
CBR value of 3 may understate somewhat the true tions and criteria leading to the standards adopted
strength of the subgrade. It has been assumed, for the present evaluation may be found in
ticrefore, that the 62-in. pavement is just ade- Par. 4.2.3. Fillet modifications, where required
quate for the fC -S-55 at 328,000 Ib, w ith the to accommodate the 13-2707, are minimized by the
nearest indicated CBR value of 3.8 used to deter- 200-ft width of runway 8-26 and the 75-ft width of
ninc the thickness required for the B-2707. -rtain (onnecting taxiways.

A CBR value of 3.8 indicates that a 70-1 2-in. No holding aprons are presently utilized or plan-
p pavenint thickness would be adequate for P,-2707 ned. This is due to the unique "no delay" clear-
operations on the Itickam end of taxiwav A. An ance given all jetaircraft from their gate positions. I
anticipated ,werlay of not less than 2 in. will be
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A two-way taxiway adjacent to the terminal at to the north. Perimeter gate positions located on
Hono!'lu International Airport is presently being the airport side of these buildings are not assigned
used. Operation of the B-2707 on this taxiway In to specific airlines but are assigned by the tower
a twvo-way modc ,vill necessitate widening. A on arrival. All 19 of these gate positions are
plaianed master plan study will consider terminal virtually identical in plan layout, fuel hydrant
area revisions, including the possible elimination positioning, and guidance striping. When the
of the two-way taxiing system. Nevertheless, in B-2707 enters service at Honolulu, it is probable
the absence of detailed planning, the costs that that only one method of parking will be used.
would be incurred by an adequate widening of this
taxiway system have been attributed to the B-2707.

Both canted and parallel parking positions are
4.8.3 Evaluation of Structures shown on Fig. 4-17. Both modes are compatiblewith existing gate positions, terminal area maneu-
Runway 8-26 and its two parallel taxiways cross vering, and servicing. Both methods require t'e
Manuwai Canal, which is on the property line of ve an sericing Both methods rue theHick m F eld Th caal s ca rie ina sx-cll, use of two existing gate positions. The B-2707
Hickam Field. The canal is carried in a six-cell, gate positions will remain compatible with sub-
reinforced-concrete box culvert beneath taxiway sonic airplane requirements. If a slight articula-
A. The cells of the box are 10-ft wide by 9-ft tion of the B-2707's nose is required to clear the
deep inside, and the interior walls are structurally low blast fences such a maneuver will be accept-
hinged top and bottom. It is possible, therefore, able.
to analyze the top and bottom slabs of the culvert
independently, since structural continuity is pro-
vided only through the exterior walls. The top
slab has ample strength and, on the basis that The terminal apron must be widened to permit
wall loads are carried by narrow strips of the ramp vehicle traffic to clear parked airplanes.
bottom slab, the bottom slab is also adequate for The cost of this modification is included in the
the B-2707. estimate.

Benea.h runway 8-26 the canal is carried in part Honolulu International Airport presently uses
by three-box and two-box reinforJed-concrete mobile ramps. The Department of Transportation
culverts, and in part by 6-ft-diameter reinforced- does not contemplate the installation of second-
.oncrete pipe culverts. About 15 years ago, the level loading devices in the future.
box and pipe culverts were strengthened. These
were checked for the loads imposed by the B-2707
and found to be adequate. Each of the 19 gates at Honolulu International is

fueled by an underground system. All positions
are served by a pair of hydrant fueling pits located
along a line perpendicular to the terminal face andAvailable data indicates that all other pipes and spaced 80-ft apart. Some of the pits have addi-

conduits beneath the airfield pavements are within toa ullnswihcryadt-refe othe ang of ccetabl coditins tate intional fuel lines which carry a duty-free fuel forthe range of acceptable conditions stated incetiovrasorton.TeB77myPar. .2.3.certain overseas operations. The B-2707 mayrequire some modification to the existing system,

and the estimated per gate cost is shown in
Par 4.8.5.

4.8.4 Terminal Area Considerations
The terminal area at Honolulu consists of a central
terminal building and elevated concourses, the
segments of which form a Y with the central ter-
minal at the top. To the west of the main building
and paralleling the east-west runway is a series
of buildings that accommodate international arriv-
als. From the center of the terminal area to the
east, another series of buildings curve gradually
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4. S. 5 Estimated Costs allowable stress. The B-2707 is compatible with
ithe airports pavements.

a. Lump Sum Items
Taxiway A overlay at $2. 50 4.9,2 Requirements for New Pavements

C) per sq yd $104,000 Included in the investigation were 97 fillets, of
Modification of one fillet on which 29 would require improvement. Fifty per-
Hickam AFB: cent of the cost of fillet improvement is neces-

Full-strength pavement sitated by "rare" B-2707 usage. General assump-
9 at $16 per sq yd 24,000 tions and criteria leading to the standards adopted

Shoulder pavement 3,000 for the present evaluation may be found in Par.
Revisions to lights 2,000 4.2.3. Planned extensions of runways 8L-26R

Modification of 2 fillets on H. I. A. and 14-32 were assumed to be completed prior to
Full-strength pavement at introduction of the B-2707.
$7 per sq yd 10,000
Revisions to lights 2,000 The 325-ft-wide holding aprons that will serve the

Expansion of terminal taxiway thresholds Go runway 8-26, the ILS runway, are
and apron more than ample for holding and passing the

Full-strength pavement at B-2707. By the criteria stated in Par. 4.2.3, the
$7 per sq yd 150,000 250-ft-wide aprons of runway 14-32 are just short
Shoulder pavement 19,000 of being adequate. The costs of widening have
Revision to lights 10,000 been estimated and allocated 4o the B-2707.

Total Estimated Costs $324,000 4.9.3 Evaluation of Structures
Six airplane overpass structnres will eventually be

b. Unit Cost per Gate Position required in the terminal area. They will be
Fuel system modifications $17,000 designed for the heaviest airplane that ran be

reasonably anticipated at this time and will be
4.9 HOUSTON INTERCONTINENTAL AIRPORT adequate foL the B-2707.
Now under construction on a 7,200-acre plot north
of Houston is the firs' major U. S. airport planned A system of culverts will drain the taxiway infieldI for a previously underdeveloped tract since areas. Having been designed for 100,000-lb
Dulles International Airport was constructed in equivalent single wheel loads, these structures
the late 1950's. The planners and designers of have the strength required to resist. live loads
Houston Intercontinental Airport (Fig. 4-18) began imposed by the B-2707. Other conduits '.re of
their work at a time when the general compati- adequate design.
bility requirements of the supersonic transport
were beginning to become apparent. As a result, 4.9.4 Terminal Area Considerations
the specific compatibility requirements of the The terminal at Houston Intercontinental Airport
B-2707 would make necessary only minor modifi- is based on the concept of unit terminals for
cations at this new airport. passenger processing and multiple satellites for

boarding and deplaning (Fig. 4-19). Two unit
4.9. 1 Evaluation of Pavements termingls are scheduled for constructior, during

I Pavements of Houston Intercontinental Airport the first phase of development. Each terminal
are of Portland cement concrete. A relatively will ultimately be served by four satellite flight
high-strength subsoil was produced by removing stations, each designed to provide gate positions

• the sandy topsoil, compacting the subsoil and for fVve subsonic jet airplanes. The unit termi-
shaping it to drain, replacing and compacting the nals are square in plan, and the concourses con-
sandy topsoil to a high density. Upon the com- nectmng them to the satellite flight stations are
pacted subgrade were placed soil-cement base extensions of their diagonals. Thus, separate
courses, 9- to 12-in. thick. The combined aprons are provided on two opposing sides of the
modulus of subgrade reaction achieved by these unit terminals. These aprons are 740-ft wide and
means varies from k = 265 to k = 450. The air- permit twc-way taxiing operations with all gate
port's dedigners selected slab thickne~sss oi i1 positions occupied by current jet airplanes. The
12, and 14 in. to accommodate 'he various con- gate positions for each airplane are designed for 4
ditions of support and ev,,ntual use- The 3-2707 nose-in loading; however, each airline may, at its
will impose stresees well withi, the -t ic.-e~e own option, make the rearrangements :ncessary
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to permit canted or parallel parking. Fig. 4-19 in layers, it provides a good subgrade for
shows docking positions for simultaneous usage runway and taxiway construction. East of
by two B-2707's at each of the eight flight pavil- Sepulveda Boulevard, the subgrade is a cley soil.
ions. Of the two positions, one would intrude
upon the inner taxi lane and impose a somewhat Portland cement concrete pavements in thick-
increased expenditure for passenger loading nesses of 9, 10, 12, and 15 in. are presently in
bridges, use. The 12- and 15-in. concrete pavements are

compatible with the B-2707. The 10-in. runway
The need for modifications to passenger loading 7L-25R pavement performs satisfactorily under U
devices will depend upon equipment selected by current jet traffic and is also compatible with the
the individual airlines. It is assumed that the B-2707. The 9-in. pavement occurs only at the
selection of any passenger-loading equipment runway 25L holding apron, scheduled to be
will be made at the proper time in consideration abandoned soon.
of the B-2707 requirements.

A number of flexible taxiway and runway pave-
An underground hydrant fueling system has been ments west of Sepulveda Boulevard sre 19-in.
designed consisting of one 12-in, and four 16-in, thick. These have been a source of trouble. On
supply mains feeding two 10-in. lines looping the basis of its experience with them, the Depart-
around each of the satellite flight stations. The ment of Airports has concluded that the CBR
system will be pressure-controlled from the tank method of pavement design is more applicable at
farm and will be capable of supplying 20,000 gpm Los Angeles. In general, the 19-in. flexible
at 100 psi. Hydrant locations at leased gate posi - pavements are sci:eduled to be replaced witli
tion- have been determined by each airline on the 15-in. concrete pavements (which are compatible
basis of their current aircraft equipmentandtheir with the B-2707) in the near future. Such pave-
;ntended mode of parking. Those positions to be ments include portions of runways 7R-25L,
used fcr B-2707 docking will require new hydrants. 7L-25R, and taxiways J-38 and H-36.
The costs will be attributed to the B-2707.

All of the terminal apron taxiways are 37-in.
4.9.5 Estimated Costs thick and are compatible with the B-2707. Run-

way 6-24 and sections of runway 7R-25L - all
west of Sepulveda Boulevard - are flexible pave-

a. Lump Sum Items ments 22- to 25-in. thick. Since the B-2707 U
Modifications to 29 fillets: requires a flexible pavement thickness in critical

Full-strength pavement at and noncritical areas 2 in. greater than the DC-8,
$15 per sq yd $189,000 the proportional cost of that thickness of a
Revisions to lights and signs 38,000 strengthening overlay has been charged to the

Widening of 2 holding aprons: B-2707. East of Sepulveda Boulevard, taxiway
Full-strength pavement at 2-J, which has a theoretical deficiency of several
$15 per sq yd $ 17,000 inches, has been holding up very well under fre-
Revisions to lights 2,000 quent heavy loadings. This is attributed to its

adobe subgrade. It is not anticipated that taxiway

Total Estimated Costs $246,000 2-J will require any improvement to support the LIi ~B-2707.
b. Unit Costs Per Gate Position:

Passenger Loading devices $ --- 4.10.2 Requirements for New Pavements
Fuel system modifications $7,000 Each fillet that would be traversed by the B-2707

was investigated. A total of 159 fillets and two
4. 10 LOS ANGELES INTERNATIONAL curved taxiways were studied, of which 27 fillets

AIRPORT and one curved taxiway will require improvement.
The geometry of the fillets was taken from plans 11

4. 10 1 Evaluation of Pavements made available by the airport operator and

Both rigid and flexible pavements have been verified from an aerial photograph. The general
constructed at Los Angeles International Airport. assumptions and criteria leading to the standards
!n the area of the airport west of Sepulveda
Boulevard (Fig. 4-20), the natural subgrade soil

is a loose sand. When excavated and recompacted
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adopted for the present evaluation may be found 4. 10.3 Evaluation of Structures
in Par. 4.2.3 of this report. The specific Los Angeles International Airport is transected
assumptions made for the investigation of the by Sepulveda Boulevard, which runs in an
fillets at Los Angeles are as follows: (1) Run- approximately north-south direction immediately
way 16-34, which is very seldom used, will east of the terminal area complex (Fig. 4-20).
either be relocated or abandoned; (2) taxiway K The relationship of highway and airport facilities I
between the threshold of runway 7L and taxiway is such that the parallel east-west runways and

53-J will be widened from its present 60-ft width taxiways south of the terminal area must be
to 75 ft;' (3) taxiway K between a point opposite carried over the highway. The vehicular subway
satellite 5 and the United Air Lines maintenance constructed for this purpose is a two-span, I
apron at the eastern end of the airport is used reinforced-concrete rigid frame. This subway
only rarely; i. e., when taxiway J is closed; must be modified to accommodate new large-
(4) taxiway F ii used only by the military and by capacity subsonic transports which will precede 3
the nonscheduled airlines, the B-2707 into service. After these modifications

are made, the structure will be compatible with
Most operations at Los Angeles are to the west. the B-2707.
However, there may be 5 to 10 days a year when I
the direction and velocity of the wind dictate that The perimeter drain st Los Angeles is an 8-ft,

landings and takeoffs be made to the east. 6-in. by 10-ft reinforced-concrete box culvert
Because of the density of traffic at the airport, that passes in various places below aprons,
it is cazetal thit ground traffic not be unectes- Laxiways, and runways. This structure w.s I
sarily delayed at any time. Investigation of checked for the live-load condition imposed by
taxiway geometry has been made on the basis of the B-2707. The calculated maximum stresses
east and west operations, at critical sections were found to be within their

respective allowable values.
Holding aprons have been constructed at the
threshold of existing runway 24 (future runway The ticketing buildings on the perimeter of the
;4L: and between the thresholds of runways 25L circulation roadway are connected to their I
and 25R. Both would require widening to meet respective satellites by passenger and baggage U
the criteria stated in Par. 4.2.3 for the holding channels running beneath the airplane parking
and bypass maneuvering of the B-2707. A 60-ft apron. Certain of the satellites are similarly
widening would be appropriate for the full length interconnected by passenger channels. It is I
of the apron aerving the runway 25 threshold. A unlikeiy that the B-2707 would ever be maneuvered
50-ft widening and a variable lengthening would between the ticketing buildings and satellites, or
provide B-2707 compatibility with the runway onto the aprons between saiellites. For that
24 apron. This would require the relocation of reason, no investigation was made of the adequacy £
a blast fence and an extension of approximately of the existing c&annel construction.
100 ft of a 58-in. by 36-in. corrugated metal pipe
arch. Both improvements would reqcuire the All pipes and conduits beneath airfield pavements I
resetting of existing edge lights and new shoul- are within the range of acceptable conditions
ders. The apron at the runway 24 threshold would stt,ýed in Par. 4. 2. 3.
require the installation of several new edge lights.

4. 10. 4 Terminal Area Considerations
In order to maintain the terminal area maneuver- The Los Angeles International Airport terminal
ing standards recommended in Par. 4.2.3 for the area emplojs the unit terminal and satellite con-
B-2707, a major modification of the existing cept. Ticketing buildings arranged along opposite
taxiway and apron systems would be required. sides of the parking and central services areas
This includes full-strength pavement, shoulder are connected each to its own satellite by chan-
pavement, and revisions to lights and signs nels beneath the apron. The entire perimeter of
required to widen the peripheral taxiway in the a satellite is available for positioning aircraft.
terminal area north of satellites 2 and 3 and The proximity of the satellites to each other and
south of satellites 4 through 7. to their resnectivelicketing buildings prohibits

perking of the B-2707 at interior gate positions.
The eight exterior positions indicated on Fig. 4-21
would require major improvements to the existing

I
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taxiway and apron system. Termi:il area hydrants and associated lateral pipes will be
occupancy that could be attained without major required. The loop system serving satellites
modification of the buildings is also indicated No. 4, 5, 6, 7, and 8 are adequate for the B-2707 5
on Fig. 4-21. One position each has been pro- positions. Two new hydrants and associated
vided at satellites 2, 4, 5, 6, 7, and 8, and two laterals will be required at each satellite.
at satellite 3. Parking positions are all canted,
with the exception of one parallel at satellite 3. 4. 10.5 Estimated Costs
The particular arrangements selected have been
investigated for feasibility of convenient a. Lump Sum Items
maneuvering, effects on the availability of Overlay pavement at L
adjacent gate positions, and adaptability to exist- $1.20 per sq yd $260,000
Ing gate arrangements and loading procedures. Modifications to 27 fillets and

one curved taxiway:
The airlines at Los Angeles employ both second- Full-strength pavement at
level loading devices and mobile ramps. The $15 per sq yd 115, 00)
second-level devices included fixed and swinging Shoulder pavement 24, 6015
nose-loaders and swinging-telescoping bridges. Revis!ons to lights and signs 29, 000
At satellite No. 2, since no loaders now exist, Widening of runway 24L [I
the new equipment which will be required to holding apron:
serve the B-2707 is not considered chargeable. Full-strength pavement at
For the parallel parking position shown at $15 per sq yd 32,000 [
satellite No. 3, the two existing swinging Shoulder pavement 6, 000telescopic-type loaders can be used to meet the Revisions to lights 3, 000

forward and second doors of the B-2707, although Relocation of blast :-
minor modifications will be required for the fences and obstruction lights 3,000 L
second door position. For the canted position Extension of 58 in. by
shown, the ork existing loader of the same type 36 in. CMP arch 4. 000

L can be utilized to serve the forward door. A new Widening of runway 25L-25 F-
loader will be needed for the second door at this holding apron: L

I position. New loaders will be required at Full-strength pavement at
satellite No. 4 to serve the position indicated. $15 per sq yd 4,1.000
It is not considered feasible to modify the existing Shoulder pavement 5,000
equipment which is designed primarily to accom- Revisions to lights 1,000
modate nose-in loading of subsonic aircraft. Widening of terminal aprons:

Loaders currently exist at satellite No. 5, the Full-strength pavement at
new equipment which will be required is charge- $15 per sq yd 693,000 [able to the B-2707. The existing swinging- Shoulder pavement 84,000

telescoping loader at satellite No. 6 can serve Revisions to lights and signs 36, 000
the forward door A new loader of a similar
design will be netded to serve the second door. Total Best estimate S1,336,000
New loaders will be required at satellite No. 7
to serve the canted parking position indicated. Fire and rescue Equipment 150, 000
Since loaders exist at all other positions, the new Tots! High estimate 1,486,000
ones required for the B-2707 have been charged i
to the B-2707. At satellite No. 8, the two exihting b. Unit Cost Per Gate Positioji
swinging-telescoping loaders can be modified to Passenger Iading devices 80,000
accommodate the position shown on Fig. 4-21. Fuel System, Modifications 20,000 13

1 All of the aitellite terminals are served by the -4. 11 MIAMI INTERNATIONAL AIRPORT
underground fueling system. Each individual v o
satellite was examined to determine general 4. 11.1 E'aluation of PaveLents
fueling requirements for the B-2707. Both rigid and flemxble pavements have been con-sttructed at Al ami International Airport. In sorre

At satellite No. 2, the existing lateral, provided areas, rigid pavements have received bituminous
with new 4-in. hose connections, will provide overlays. :
adequate service. At satellite No. 3, two new
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The largest areas of rigid pavement at Miami are a. If runway 12-30 were to remain at its
the airplane parking areas adjacent *o the piers current length, several of the exit taxiways
extending from the terminal building. All of nearest to the runway 12 landing threshold would
them are 10-in. slabs placed on a 12-in. corn- receive little or no use by the B-2707. As
pacted base of blended sand and rock with a Fig. 4-22 indicates, however, the runway is to
measured minimum CBR of 60. Almost all of be extended. As a result, the exit taxiways in
the remaining concrete pavement in the terminal question will be used routinely by the B-27C7.
area is 8-in. thick, with a stabilized sand base The assumption has been made that the planned
varying in thickness from 0 to 8 in. Almost al! extension will be completed prior to the introduc-
of this pavement has been overlaid with 3 in. of tion of the B-2707.
asphaltic concrete, and the remaining section is
scheduled for a 3-3/4-in. overlay. Short sec- b. The Dade County Port Authortty has a
tions of runways 9R-27L and 12-30 are also paved continuing program of fillet improvement, and it
with 8-in. concrete supported by stabilized sand is possible that some fillets will be improved
bases of various depths up to 8 in. They have not prior to the introduction of the B-2707. However,
been overlaid. There are several small areas the present investigation takes into account only
paved with 6-in. concrete on stabilized sand those fillet improvements that are firmly planned
bases. A)_ rigid pavements that might be sub- for 1967.
jected to heavy B-2707 loadings have been
inspected. The majority of the terminal apron Runway 9L-27R, the primary usage runway at
pavements are in good condition. Those areas Miami International., 1s 200-ft wide. As a result,
which need improvement are either scheduled for no fillet modifications are required for the
overlay or it may be assumed they will be B-2707 adjacent to thir runway.
improved prior to the introduction of the B-2707.
Many of the thinner pavements without overlays There are holding aprons at each end of each of
are seriously overstressed by the fully-loaded the four runways at Miami. All but two of the
DC -8-55 and would be subjected to even higher eight aprons meet the criteria stated in Par. 4.2.3.
stresses by the B-2707 at maximum gross weight. The two inadequate aprons are located at the ends
However, should it become necessary to ovcrlay of runway 17-35. This runway is rarely used by
any pavemerts not presently programmed for the airlines, and the aprons at their thresholds
improvement, the thickness requirements of non- would not be used by the B-2707. Accordingly,
rigid overlays adequate for DC-8-55 lo4idngs it is assumed that these aprons will not be
would exceed, by fractions of an ine),those of the improved specifically for the B-2707.
B-2707. Therefore, although t. e-'-2707 would
create the greater stress ori.-xisting rigid pave- In addition to the holding aprons at the runway
ments, the costs of strengthening overlays would thresholds, there are supplementary aprons
be attributable enti- y to the DC-8S-55. located approximately 1300 ft from the thresholds

of runway 9R and 9L. It is unlikely that such
All of Miami flexible pavements are now 12 or aprons would ever be utilized by the B-2707 and
more inhe s thick. For the recommended sub- no improvements are anticipated.
grade classification of Fa, both the DC-8 and the
B-2707 require 11-1/2 In. of pavement in critical 4.11.3 Evaluation of Structures
pavement areas. It is concluded, therefore, that Two box culverts are installed at Miami Inter-
all of Miami's flexible pavements are compatible national Airport, but the B-2707 is unlikely to
with the B-2707. cross either of them so they were not investigated.

4.11.2 Requirements for New Pavements Owing to the high level of ground water at Miami,
Of the 164 fillets investigated, using both plans pipe and conduit have been installed with ehallow
and aerial photographs, 25 would require cover under both rigid and flexibi, pavements.
improvement. The general assumptions and In recognition of the effects on such installations
criteria leadIng to the standards adopted for the of live loads transmitted through shallow cover,
present evaluation may be found in Par. 4.2.3 of due care has been taken in their selection and
this report. The specific assumptions made for installation. From the data made available, it
the Investigation of the fillets at Miami are as is judged that all pipes and conduits beneath
follows: airfield pavements are within the range of accept-

able conditions stated in Par. 4.2.3.
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4.11.4 Terminal Area Considerations Loaders fur the two positions indicated at con-
The terminal area at Miami comprises a long, course 2 are not considered chargeable to the
central terminal and service building, the several B-2707, since none now exist in these areas.
segments of which form a U. from which six These modifications will be compatible with

Sconcourses, or passenger loading piers, extend subsonic airplanes.
at diverging angles of 30 deg. Concoirse 4, the
International Building, is in the form of a T; the Underground hydrant fueling facilities have been
others are linear, some with and some without installed at concourses 3, 4, 5, and 6. The sys-U angular turns. The resulting apron areas lend tem at concourse 4 is electrically operated; those
themselves conveniently to the arrangement of at the other concourses are actuated by pressure-
airplanes of various space requiremerts, with the sensing devices. An under-apron transfer sys-
smaller airplanes assuming positior ýar the tern has been installed but never placed in service
base of the pier and the larger airplant- occupying at concourse 1. It is designed to deliver fuel
the gates farther out. Sixkeen parking p" Aitions received from tenders at the' outer edge of the
have been indicated at the six Miami finger ,wiers, parking apron to hydrants located under the air-
At five of the six term~nal builcing concouiees, plane fueling receptacles.
some use is made of second-level passenger
loading devices. Only those installed ?.t the A new underground system, which will probably
outermost gate positions are cf concern to the be considered for concourses 1 and 2 to service
present it vest~gation. The schediled modifica- the four B-2707 positions shown there, is not
tions to conco..rse 6 irclude the installation of chargeable to the B-2707.
bridges simibar •o those on concourse 5; however,
their locations have r.At been fixed as of this The existing 12-in. and 14-in. loops serving the
wriiing. remaining piers are sufficient to provide the

required capacity for the B-2707. A system of
At the B-2707 gate positions shown on Fig. 4-23 new laterals and two new hydrants at each B-2707U for concourses 1, 3, ,.ind~ 4, the length of the nose position will be required and is shown in the cost
of the B-2707 woul:i require either new or relo- estimate.
cated bi-rail loaders, plus new swinging-
telescoping loaders or swing loaders in conjunc - 4. 11. 5 Estimated CostsO tion with short fixed bridges. An alternative
considered by the airport operator consists of a. Lump Sum Items
simple building extensions on which the rail- Improvements to 25 fillets:
mounted loaders could be rehung. The latter Full-strength pavement at

S solution may be preferable from the operator's $6 per Eq yd $ 67,000
standpoint, since the loaders would be retained Shoulder pavement 14,000
and additional needed hold-room space would be Revision to lights and signs 19,000
provided.

Total Estimated CosLs $100,000
At the three B-2707 gate positions shown for
concourse 5, the B-2707 can be paralled-parked b. Estimated Unit Costs perL close enough to the face of the terminal to be Cate Position
reacned by the existing telescoping bridges. Passenger ioading devices $110,000
Some modification to the two bridges used for Fuel system modification 7,000
second-door loading will be needed to reach the
height of the second-door sill of the B-2707. 4.12 JOHN F. KENNEDY INTERNATIONALU AIRPORTNEW YORK
For the purpose of this report, new bi-rail

loaders and swinging-telescoping type loaders 4. 12. 1 Evaluation of Pavements
have been estimated, where needed. The existing Both rigid and flexible pavexnents have been con-
swing-type loaders at concourse 5 can be modi- structed at John F. Kennedy International Airport.
fied to serve five of the door positions indicated. Most pavements have been placed on dredged
One new bi -rail type loader will be required for sand. Engineers of the Port of New York Author-•! the end poiinshown. All positions at ot.her ity recommended the use of a California Bearing
concourses will require new or relocated loaders. Ratio (CBR) of 15 and a modulua of subgrade

reaction (k) of 300.
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All rtuways, some taxiways and sections of occurs, it would be reasonable to attribute tv

taxiways, and the greater area of apron pave- such operations the full cost of a pavement
ments are Portland cement concrete. The runway improvement. Anticipating that such an improve-
pavements, which have been designed for a maxi- ment would be made by inlaying concrete to
mum allowable flexural stress of 430 psi, are match adjacent pavement, a "high" estimate of
12-in. thick. All other rigid pavements are the full estimated costs of removing existing
13-in. thick. Their maximum allowable flexural flexible pavements and replacing them with a
stress is 365 psi. On both the 12-in. and 13-in. 13-in. igid slab is given in Par. 4.12.5.3 thick pavements, the DC-8-55 at 328,000 lb
induces higher stresses than does the B-2707 at 4.12.2 Requirements for New Pavements
675,000 lb. At 98 percent and 93 percent, A total of 247 fillets and all curved taxiways were
respectively, of the maximum allowable stress, carefully investigated and it was determined that
neither vehicle overstresses the 12-in. pave- 109 fillets require improvement. The g6ometry
ments. On the 13-in. pavements, however, the of the fillets was taken from plans made avwilable
DC-8 induces a slight ov2rstress (4 percent) by the airport operator and verified from an
while the B-2707 induces a stress 3 percent less aerial photograph. The cost estimate for these
than the allowable. On the basis of these findings, improvements are included in Par. 4.12.5. The
it is concluded that the rigid pavements at Kennedy general assumptions and criteria leading to the
are adequate for both airplanes. standards adopted for the present evaluation may

be found in Par. 4.2.3.
Most taxiway pavements at Kennedy are of
flexible construction. According to the Port The following have been determined to be the
Authority's engineers and planners, all such minimum desired holding capabilities of the run-Spavements either are 22 -in. thick now or will be way threshold aprons:

overlaid to that thickness prior to the inaugura-
tion of B-2707 services. The typical section . Hold two B-2707's at runways 31L, 22R,
comprises a 4-in. surface course and a 12-in. and 13RU base. Use of Crsof Engineers' design methoi

bae s fCorps o*Egnes einmto Hold one B-2707 at runwayE 4L, 31R, andwith the recommended CBR value of i5 results in 13L
paving thickness equal to 23.5-in. for the

n • DC-8-55 and 25-in. for the B-2707. The thick- . No holding requirements at runways 4R, 7,
ness deficiency of pavements subjected to B-27-'7 and 25
loadings is 3-in. The deficiency for DC-8 load-
ings is 1-1/2 in., however, the full amount of the • Hold the same number of airplanes as the

S costs estimated for a 3-in. thick asphaltic con- apron was originally designed to hold

crete overlay have been allocated to the B-2707.
Figure 4-24 shows the areas eliminated from a. Runway 31LThe holding apron for runway 31L is a
consideration of the additional 3-in. overlay trapezoidal -shaped pavement located at the end
because of infrequent use by fully loaded B-2707's. of a decommissioned runway which is now

designated taxiway Z. It has sufficient Prea toThere are sections of 18-in. thick flexible pave- hold three large subsonic jets. However, to
n ient on the aprons serving the International enable this apro.: to hold two B-2707's and one

Arrivals Building and the unit terminal building earbe subs on t aod t the and one

occupied by Northeast, Northwest, and Braniff large subsonic jet and meet the Port Authority's
requirements, it w)l be necessary to enlarge theA ir lin e s . T"h e y c o m p r is e a 4 -in . s u r fa c e , a np a e n t A l o t. f r -s c i m o v e t ,and6-i, sbbae. n teor, tey pavement. All cost,., for such improvements,

S-in. base, and a 6-1n. subbase. In theory, they including blast fence requirements. have been
are def -ient by 5-1/2 in. (23-5 percent) for the attributed to the B-2707.
DC-S and by 7 in. (28 percent) for the B-,707.
From a comparison of the theoretical thickness b. Runway 22R
deficiencies expressed as percentages, it t, The apron here is presently adequate for
judged that the two terminal apron pavements in four current subsonic jets. It is adequate in
question would probably be compatible with the width for holding B-2707's arid is backed by a
B-2707 Therefore, no costs for their strength- blast fence erected to protect a taxiway. It has
ening are attributed to the 0-2707 in the "best- been assumed th the pavement area would be
estimate given in Par, A. 12. 5 In the event that

increased to permit the holding of two large smb-pavement distress traceable to B -270 operations

V-1B2707 -I

3 197



1-

£1

'3

111
'3
B
L

I

I [

Fi�it. 4-24. J.&. F. K.�w,.#r Iat.n�.'f�onOI Airpod. New YeA

I V4-B2707-I

19'� 

U
-

-. �



sonic jets and two B-2707's by an expansion of 14-ft-high steel blast fence; consequently, the
the northwest end. The cost of this expansion, apron cannot be widened toward 150th Street.
including blast fence extension, has been included Relocating the street itself to the southwest would
in the estimate. not be warranted. The feasibility of holding the

B-2707 on the existing apron serving 13L has
c. Runway 13R been investigated. However, this apron is inade-
There is an L-shaped holding apron adjacent quate for the same reason cited for the proposed

to the takeoff threshold of runway 13. The long apron. We have assumed, therefore, that
leg of the apron is parallel and close to a taxiway B-2707's required to hold will do so in the large
serving airline maintenance facilities, and a area formed by the intersection of taxiways A
blast fence now separates the two. The entire and X, and no charges will be allocated to the
aproo will presently accommodate five large B-.2707 for apron expansion at the runway 13L
subsonic airplanes. It will also have the capacity threshold.
to hold two B-2707's and three subsonic jets.
The Port Authority engineers have questioned the 4. 12. 3 Evaluation of StructuresO effects that the efflux from a holding B-2707 might There are four taxiway bridges on the airport.
have on the high tail surfaces of airplanes on the The older pair, designed in 1946, carries the dual
adjacent taxiway. Studies indicate that, as the circumferential taxiways over Van Wyck Express-
B-2707 swings from the apron toward the hold way, the primary access road. The second pair,

Sbar. the distance from its exhaust nozzles to the designed in 1962, carries the same taxiways
adjacent taxiway is about 200 ft. There would be over the 150th Street entrance roadways. Plans
an effect, but it is not regarded as severe. How- of the newer pair of bridges have been reviewed,
ever, since it is impractical to raise the blast and it has been determined that they are fully

I fence, a holding anron extension to the west far capable of supporting the B-2707 at maximum
L enough to accommodate two B-2707's turned ir gross ramp weight.

the takeoff direction has been included in the cost
estimate. The Van Wyck Expressway bridges are two-span,

continuous structures with center -to -center -of-
d. Runway 4L bearing distances of about 65 ft in each span.
The holding apron can presently accommodate This structure has been investigated and it hasfl three subsonic jets. It would also be adequate been found that both the B-2707 and the DC-8-55

for cne B-2707 and two subsonic airplanes, produce serious overstresses in the steel beams.
although the spacing would be somewhat tight. In Improvements of the bridges are warranted now
order to meet the criteria, and maintain opera- if they are subjected to frequent loadings fromf tional flexibility, this apron will require expan- the largest of today's jet aircraft at or near their
sion. The cost of expansion, including embank- maximum gross weights. Therefore, costs of
ment fill in Jamaica Bay, pavement, shoulders, structural modifications to the Van Wyck Express-
and revision to lights, is included in Par. 4.1..5. way bridges have not been attributed to the* (9 B-2707.

e. Runway 31R Seven large reinforced-concrete box culverts
the apron pi-oposed for the current extension were investigated. Using conservative analytical

of the runway 3111 threshold would be inadequate assumptions, it was found that the culverts would
in width for the B-2707. Its length is adequate have overstresses of less than 25 percent due to
for one B-2707 and two subsonic jets. The cost the loads imposed by the B-2707. As a result of
of widening the apron has been estimated and the analyses and in view of the present condition,
attributed to the B-2707. it has been assumed none of these culverts would

be replaced due to B-2707 operations.

f. Runway 13L
The threshold apron proposed for the exten- From available data, it is judged that all pipes

sion of runway 13L is not wide enough for aw and conduits beneath airfield pavement are within
existing large subsonic jet to pass a B-2707 that the range of acceptable conditions stated in
is holding. There appears to be no practical Par. 4.2.3.
solution to the problem involved in expanding the
apron's depth. The rear edge of the proposed
apron will be separated from 150th Street by a

I
V4-B2707-11 199



4. 12.4 Terminal Area Considerations American Airlines Terminal (Fig. 4-26)

The terminal area at Kennedy now comprises an The east concourse could be equipped to serve

International Arrivals Building and six domestic the B-2707 with two bi-rail loaders. The end

unit terminals. Two other unit terminals, one position oi the west concourse presently has

for a non-U. S. airline, are presently projected one bi-rall nose-loader, which could be supple-
for completion within a few years. The seven mented by an additional bt-rail loader on a I
existing terminals fall into three basic swinging -telescoping loader, from an extended
classifications: holdroom. For the canted position at the west

concourse, It has been estimated that a new

a. The central building with two or more swinging-telescoping loader would be provided 3
concourses extending outward into the airplane for the second door and a swinging fixed-length
apron (Eastern, United-Delta, American, and loader for the forward door.
the International Arrivals Building) 11

United - Delta Airlines Terminal (Fig. 4-26)
b. The self-contained terminal at which the The south concourse has two B-2707's shown

aircraft docks by nosing in (PAA and Braniff- with the westerly airplane serviced by existing
Northeast -Northwest) swinging-telescoping loaders. The forward-entry 11

c. The central terminal with concourses and door is compatible with the vertical articulation of tJ

satellite buildings (TWA) the existing passenger loaders. The second posi-
tion at the south coucourse will require two new [

Studies were made of each terminal, and it was loaders, not chargeable to the B-2707 because U
determined that the B-2707 could be accommodated the concourse does not at present have. loading

as shown on Figs. 4-25 and 4-26, where it is devices.

feaaible for the airplane to be maneuvered and Ein gdocked by conventional techniques. Eastern Airlines Terminal (Fig. 4-26) '
This terminal does not at present have any load-

International Arrivals Building (Fig. 4-25). ing devices. Possible future loading devices

Only BOAC has installed passenger loading for B-2707 operation could only presume second-

bridges. The BOAC gate serviced by these story additions to the existing single-level north

loaders is not a msv' ested B-2707 gate. There- and south concourses. The.•efore, passenger

fore, no bridge cos. :.-'isMtment has been charged loading devices are not considered for this

to the B-2707. facility at this time.

Trans World Air Lines Terminal (Fig. 4-25) Brtiniff-Northeast-Northwest Terminal (Fig. 4-26)

Existing passenger loading is accomplished At the terminal's northwest corner, an assumed

by swinging telescoping loaders. The forward- B-2707 position, two loaders are available for 13
entry door is compatible with the vertical articu- use. One loader, of the swing type with fixed cab,

lation of the loaders; as a result no costs are would require a rotating cab. The second loader

attributable to the B-2707. is a swinging-telescoping bridge, which would
require vertical adjustment to reach the second-

Pan American Airlines Terminal (Fig. 4-25) door sill. The east side of this terminal does notExisting loaders are of the swing type with an have loading devices. Two new loaders are sug- .

open platform guarded by handrails. They reach gested for this position. U
only to the forward door of curr'nt airplanes. The

platforms would have to be altered to meet the Underground fueling systems are prescntly

front door of the B-2707. An enclosed telescoping installed at the International Arrivals Building

loader at each B-2707 position would be required and st the permanent terminals of the various air-

to provide adequate weather protection and to lines. Fueling at temporary terminals is still

reach the doors while holding both points carried on by fuel tenders. At the International

simultaneously. Arrivals Building, airlines can choose between

the fuel of four different suppliers, resulting in H
eight hydrants for each present airplane position.

Ii
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The Port of New York Authority has erected eighc b. Unit Costs Per Gate Position
blast fences at Kennedy in locations where air- Passenger loading devices $ 57,000
planes, either holding or taking off, direct their Fuel system modifications 20,000
engine blasts at othir facilities. In generr.,g present blast fences are adeqvite for B-2707 4. 13 PHIiJ,DELPHIA INTEkLNATIONAL
operations. However, the holding apron serving AIRPORT
runway 22R, which .. ,, be expanded at
its northwest end, is separated from an adjacent 4. 13. 1 Evaluation of Pavements
taxiway by a metal blast fence 10-ft high. U "oth rigid and flexible pavements have been con-
runways 22R and 22L are used during peak hours ttructed at lhiladelphia International Airport.
for takeoffs or if runway 25 will be retained and Some sections of rigid pavem-,t hsve received
used in conjunction with 22R for takeoffs, air- bituminous overlays. Most of the airport pave-
planes taxiing behind the apron of runway 22R meats have been or are being constructed on sand
would cross the axis of the B-2707 engine efflux. fills that have been placed hydraulically and
The fence should be extended at its present height allowed to settle over a tidal marsh.
as required by the apron extension needed for
holding the B-2707. The costs of such an exten- The terminal aproz. and certain of the existing
sion have been estimated and included in taxiways are 12-in. thick portland cement
Par. 4.12.5. concrete. Eagineers of the Division of Aviation

recon~mmnd a value for the modulus of reaction
of the subgrade of k - 250. They ulso recommend

4. 12. 5 Estimated Costs the use of a maximum allowable flerarai stress
A "best" estimate and a "high" estimate have been in the slabs of 29v psi. The choice cf the latterj submitted. The 'best" estimate reflects those value ýs based upon their observatto"s of the
costs that are most properly attributable to the performance of the rigid pavements that have
B-2707. The "high" estimate represents the required overlays. Analyses of the ,tresses thatO maximum potential cost that might be incurred by would be induced by the DC-8-55 and the B-2707
the B-•?707. on the airport's rigid pavements show that each

airplane would cause serious stres's conditions;
a. Luuap Sum Items however, since the B-2707 would create the lesser
Taxiway overlaps at overstress, no costs have been dliocated to it for
$2.23 per sq. yd $ 990,000 rigid pavement improvements.
Modifications to 109 fillets:

Full-strength pavement at The thic."mess or composition of the airport's
$15 per sq yd 540,000 origi,-Al pavements is not knowni with certainty.
Shoulder pavement 130,000 However, data are available on improvements
Revisions to lights and signs 160,C. 0 made durig the last 15 years. in 1951, the exist-

Expansion if 5 holding aprons: Ing east-west runway was extended approximately
SFull-strength -_- ,ment at 2300-ft westward on a subgrade composed of 6 ft
$15 per [q yd 484,000 of melected backfill classified as E-2 soil. The
Shoulder pavement 34,000 new pavement is 15-in. thick. In 1959. a further
Revsion to lights 9,000 extensiGn of about 2200 ft was added, which con-
Fnibankment SO,000 sisted of a 14-1/2-in. -thick pavement structure
Extend blast ierce- on 4-ft of material classified as E-2 -4oil with

-. l.2, 3iL 63, 00v good drainage characteristics. A sub'tade clas-
sification of Fa was used in the design. At the

Subtotal $,,490.000 z-- tVme, a minimum of 1-1/2 in. of bituminous
overt•h .; added to the pre%. us conatruction of

High E~timate Bent Estimate runway 9-27. The most recert design for a flexi-
hit pavement a: Philadelphia is that for the taxiway

T,.-minal apron parallel to runway '7-35. For an F2 subgrade
Inlays at $17 classification, the pavement section specified is
*r aq yd $1,700,000 $ 0 1-in. thick. Since the eW.g-hcers judge that theI old construction of unknown thickness is perform -

TowtaI ,umated lng as well as the newer construction, they have
Costa $4, 10, O.M) $2,490.000 recomnended that the present investigation ofI
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i Phllacklphla's flexible pavements be based on the According to the Airport Master Plan, there will
imown FAA mbfrade classification of F2 and a be a total of six holding aprons serving the six
CDR o 20. U" of the methods employe.l by the runway thresholds. The aprons at the ends of
FAA and the Corps of Engineers for the design of runways 9L, 9R, 27L, and 35 are completed or

flexible pavemmnts In critical areas yields the under construction. Of these four, only the hold- 'folowing rapiquel'total thicimessas: in apron at the runway 35 threshold is not of

adequate dimensions to satisfy the requirement
FmA Corps of Engineers' that a current subsonic jet be able to bypass a

Method Method B-2707 holding with wings in the full-open posi-
tion. A suitable widening for this apron has been

DC -- 56 18 in. 18.5 in. planned and estimated. The remaining aprons
B-2707 16.5 in. 20 In. at the end of runways 9R and 17 are in the planning

stage. From the Airport Master Plan, the run-
By" the Corp@ of Engineers' method, the 1959 way 9R apron will be adequate for the B-2707,
extension of runway 9-27 would be deficient by but runway 17 apron is not large enough for the

5-1/2 in. However, the results of standard tests B-2707 to pass currently operating commercial
performed on the selected backfill placed there, airplane. Final planning for this particular apron
as well as the requirements of the specifications may dictate an expansion beyond that shown on

under which it was placed, indicate that at least the current master plan. For this reason, no
this much of the backfill may be considered as estimated cost for widening the holding apron at
subbase. The existing flexible pavements will be the runway 17 takeoff threshold has been included.
compatible with the B-2707 and that planned future The only holding apron expansion attributable to
pavements will be at least equal to those now in the B-2707 is that required at the end of runway
use. 35. The cost estimate is included in Par. 4.13.5.

4.13.2 Requirements for New Pavements 4.13.3 Evaluation of Structures
The requirements for new pavements have been There are a number of drainage structures so r
reviewed on the assumption that all the proposed located in the airfield pavements at Philadelphia L
work included in the Airport Master Plan shown that they are subjected directly to airplane gear
on Fig. 4-27 will be finished by the time the loads. Each of the differert types was investi-
B-2707 is oper1ti64. :t Bboald be noted that this gated to determine its adequacy for supporting
comrplete implementation of the masae, Wan will the maximum loads imposed by the B-2707. The
revise and eliminate significant sections ot cu_- investigations included grates, frames, supporting
rent pavements, particularly the terminal area beams, and footings. Moderate overstressing
peripheral taxiway. Runway 9R-27L. its was found in the cast -iron grate frames aiad in
parallel taxiway, and a bypass taxiway system the- hooked bars in the toes of footings. These

a are currently under construction and the contract overatzesses were not sufficient to warrant
drawings for the work have been reviewed, replacement of the existing structures.

In accordance with the general procedure outlined Available data indicate that all pipes and conduits
in Par. 4.2.3, careful review of the existing beneath airfieli, paveements are within range of

.plans and areas under construction indicates that conditi onsa stated in Pa r. 4. 2).-3.

half of the fillets will be negotiated during normal
operations and the other half will only be turned 4.13.4 Terminal Area Considerations
under unusual conditions. Ru-.,¥ay-runway inter- The existing terminal are.* at Philadelphia
sections were not investigated, since the B-2707 International Airport employs the central terminal [7
can smoothly negotiate any such turn. After and fingtr pier concept. The central terminal
analyzing each standard intersection and tle non - building is a long, rectangular structure from
srandard intersections by use of a model, it was which three concourses extend to the south at
determined that, out of 68 filltts and 2 curved slightly divergent angles. At the prezent time. a
taxiways, 16 fillet modifications and modiibca- major redevelopment of the terminel complex is
tions to the two curved taxiways would be anticipated. The current terminal area concept

i]required. CosL4 are summarized in Par. 4.13-5. envision. two unit terminals with six satellhte

clusters providing 66 gates. Figure 4-2S .•hows
this scheme superimposed upon an aeripi photo-Sgrap, of the existing termmals Studies were
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G made of B-2707 docking and maneuvering at the Area 1 pavements are 37-in. thick, while in

planned future facilities. Eighteen B-2707 posi- Area 2, the thickness in the critical area is 26-in.
tions are available adjacent to the flight pavilions, and 23 in. in the noncritical area.

SAll loading and unloading of passengers at For all existing subgrades, these pavements
Philadelphia are by means oi push-up ramps, exceed the thickness required by the B-2707.
Second-level loading will be employed when the Lending support to this conclusion is the belief
terminal area is improved. It was assumed that that the B-2707 will be operated infrequently at
the loading devices eventually selected will be maximum gross weight from this airport.
compatible with the B-2707 at planned positions.
No charges have been allocated to the B-2707 for 4.14.2 Requirements for New Pavements
passenger loading system modifications. The geometry of all paving fillets was taken from

fboplans made available by the airport operator and
Aircraft fueling has been and is now performed verified from an aerial photograph. Included in
with tank trucks. Li the truck supply system is the investigation were 41 fillets, 3 of whichG retained, it will be adequate for fueling the B-2707. require improvement, and 3 curved taxiways.
Should a hydrant system be installed, it is General assumptions and criteria leading to the
assumed that the initial installation would be standards adopted for the present evaluation may
made compatible with the needs of the B-2707. be found in Par. 4.2.3. Fillet modifications,

where required to accommodate the B-2707, are
4.13.5 Estimated Cost minimized by the 200-ft width of runway 1OR-28L.

Lump Sum Items The holding aprons located near the thresholds of
runways 10L and 28L conform to criteria in

Widening of 16 fillets and 2 curved Par. 4.2.3. /

taxiways:
Full-strength pavement at $15 4. 14.3 Evaluation of Structures
per sq yd $102,000 All pipes and conduits beneath airfield pavements
Revisions to lights and signs 24,000 are within the range of acceptable values stated

Widening of Runway 35 holding apron: in Par. 4.2.3.
Full-strength pavement at $15
per sq yd 39,000 4. 14.4 Terminal Area Considerations
Revisions to lights 1,000 The terminal area at Portland International

Airport is patterned on the concept of the central

Total Estimated Costs $166,000 terminal with finger piers. Two such piers,
providing a total of 24 gate positions, extend

4.14 PORTLAND INTERNATIONAL AIRPORT divergently from Portland's central terminal
building. The clear distance between them at their

4. 14. 1 Evaluation of Pavements ends is approximately 800 ft, which provides
Pavement areas at this airport are shown on ample maneuvering space. The angle of converg-
Fig. 4-29. All pavements are flexible, con- ence of the piers is such that the B-2707 can
structed partly on dredged sand, but principally maneuver well into the apron area. However,
on existing flood plain deposits, which are clay neither of the two interior gate positions adjacent
and silt soils. to the terminal building can be utilized by the

B-2707 because of blast considerations. An

The Port of Portland's Aviation Department has extension of the north pier has been pr.ý .-.)s.d,
recommended the following ratings for existing but construction is not yet planned. The additional
subgrades: four gates contemplated for this extension will

accommodate the B-2707.
* Area 1 - Runway 1OL-2811, adjacent taxi-

ways and terminal apron: CBR = 10. 6 The airport management has indicated that two
o Area 2 - Runway 10R-28L and adjacent B-2707 gate positions will probably be adequate at
tareway2s: Rua 1 L afirst. To attain a maximum degree of flexibility
taxiways: CBR =15. in maneuvering, the B-2707 gates on the outside

of the two existing piers would be utilized. Ade-
quate space is available to accommodate addi-
tional positions when they are needed. Each gate

V4-B2707-1
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position shown has been Individually investigated 4.15 SAN FRANCISCO INTERNATIONAL
for maneuvering convenience, adaptability to AIRPORT
eisting gate arrangements, and passenger-
,loadl arrangements. 4.15. 1 Evaluation of Pavements

At San Francisco International, concrete pavement.
Nine gate poltflons, located near the base of the is generally used for the critlcal end-eectlons of
piers, currently have pasenger-loadIng bridges. runways, for holding aprons, for certain taxiways,
The remalnlng 15 gates utilize mobile ramps to and for hardstands on certain terminal aprons.
load anO unload passengers. The loading devices All other pavement, including noncritical sections
are of three different kinds, Including: of runways and the greater proportion of terminal

aprons, is flexible.' In areas of flexible pavement
9 Rail-mounted nose-loaders having about 6 ft distress, it is now the practice to make improve-

of horizontal travel (six Installed) ments with concrete inlays. On runways, the

e Swinging, non-extensible, nose-loaders (two central 60 ft is Inlaid; on taxiways, the central. wingtin, - br45 ft. Elsewhere, flexible pavements considered
substandard are being resurfaced. The airport Is

s Swinging, non-extensible, loaders with constructed on a reclaimed portion of San Fran-
rotating cabs (one installed). cisco Bay (Fig. 4-31) by dry-fill placement of

sandy soil from a nearby borrow area. Since the
Where rail-mounted nose-loaders are now instal- bay here was once a tidal marsh on organic silt up
led on the outer perimeter, it would be necessary to 60 ft in depth, both differential and overall
either to provide a new loader of the necessary settlements of the airport have occurred in the
length or to extend a hold room outward some past and are expected to continue. The Public
distanc• e and affix the bi-rafl nose-loader to the Utillities Commission. which operates the airport,extension. Initially, only the forward-door load- reports that the airport soil classification Is F2

Itg will be required at Portland International At and that a subgrade CBR value of 15 is appropriate
"the two B-2707 parking positions indicated on for the B-2707 compatibility evaluation. (The
Fig. 4-30, there are non-swinging, fixed-length Corps of Engineers' method of flexible pavement
loaders with retractable cabs. The estimated design is preferred by the commission.) It has! , cost reflects a requirement for two new loaders. also given a k-value of 400 for the top of the

cement-treated base used extensively for bothAirplane fueling is now performed by mobile rigid and flexible pavements. For the rigid pave-

tenders, which are operationally flexible and ment, all of which is 13-in. thick, 325 psi Is the L
readily available. Any hydrant fueling system allowable flexural wcrking stress.
will be made compatible with demands of the
supersonic transport. For the DC-8-55, a flexural stress of 356 psi Is

induced in the concrete pavement. For the
4. 14. 5 Estimated Costs B-2707, this stress Is 333 psi. In the unlikely

event that such minor overstresses as these
a. Lump Sum Items would require rigid pavement improvements, the i

sto 3 fillets: costs would be properly attributable to heavily
Ip em tloaded subsonic jet aircraft rather than to the

Full-strength pavement at $17,000 B-2707. Sections of rigid pavement have been f
$8 per sq yd constructed in the terminal apron area. At con- [..

*Shoulder pavements 3.000 courses G. F. and FF. there are wide strips of
Revisions to lights and signs 4,000 concrete at the aircraft parking positions. At the

Total Estimated Costs $24,000 other concourses, small concrete pads have been
inlaid. The latter would in some cases need to be

Sb. Uit Coats Per Ga~e Position extended if used as parking positions for the. CB-2707.

Passenger loading devices $40,000
All flexible pavements that will be used by the

A B-2707 are 18-in. thick except for the new aprons
at concourses G, i , and FF, which are 20-in.
thlcx. The cement-treated base is considered to

a be a high quality base (compressive strength -

7S6 psi). Its thickness is 10 in. beneath the 18-in.
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pavements and 12 in. beneath the 20-in. pave- while the use of the conservative CBR 15 indicates
ments. Each section cmprises, In addition, negligible deficiencies in thickness; i.e., 0.7 and
4 In. of untreated base and 4 In. of asphaltic- 0.5 In., respectively.
concrete surfacing. In asuming equivalency
factors for the cement-treated bases and for 1 In. The critical sections of the 18-in. pavements are
of the 4-in. -thick surface, guidance hes been more than adequate if CBR 20 is accepted. For
-- vided by the consultant to the Public Utilities CBR 15, on the other hand, there would be defi-
iommisslon and by findings of a recent Govern- ciencies of 3-1/4 in. for the B-2707 and 1-3/4 in.
meat research report. An equivalency factor of for the DC-8-55. (The equivalent thickness of the
1.34 has been used for the cement-treuted base pavement, 21.8 in., actually corresponds, for the I
(CTB). For both airplanes, the factor of 1.4 B-2707, to a CL.. value of 18.)
recommended by the Commission's consultant for
the lowest inch of asphaltic-concrete surface has For the B-2707 at 675,000 lb, it is estimated that
been used. The equivalent total pave-ent thick- no costs would be incurred for the strengthening I
nesses so derived are as follows: of pavements.

It is recognized that some pavement areas may
Actual Thickness Egy!"iem_ Thickness experience little or no settlement, and that, at

is-in. pavements 21.8 in. least in some areas, a CBR value of 15 may be
20-in. pavements 24.5 in. more nearly correct than that of CRB 20. Under

these conditions, certain pavement overlay costs

Engineers of the Public Utilities Commission could be estimated as a possible expense, all or I
have obtained values ranging from CBR 15 to paer of which might Le incurred ae a result of
CBR 80 from field measurements of subgrade B-2707 operations. The "high" estimate, there-
strengths. The conclusion was reached that a fore, provides for an overlay of an average thick-
CBR value of 20 might be more representative ness of 2-1/2 in. over the areas of critical 18-in.
of the minimum prevailing subgrade strength flexible apron and taxiway pavements.
than the lowest recorded value of 15. In at least 4.15.2 Requrements for New Pavements
one instance, the Commission, in an application

- for Federal aid, has indicated a subgrade strength The airport operator Is plannin and making
of not less than CBIH 20 for a particular area of improvements to contehi- with tLe increased size
the airport. The Commission has suggested that of airplanes under development; it may be expected
CBR 15, rather than CER 20, be adopted to that fillet improvements will be made in the future.
provide a factor of safety for anticipated growth Nevertheless, the cost estimates given
versions of the B-2707. While this position is (Par. 4. 15.5) have been based upon the conserva-
understandable, it is not in accordance with th tive assumptica that existing fillet radii will only
guidelines given by the FAA for the compatibility be improved as required by the introduction of the
study and its adoption for the investigation of one B-2707. A total of 138 fillets and 10 curved taxi-
airport would represent a departure from the ways was investigated, of which 20 fillets and 2 of
procedure used for aU others In the study. the curved taxiways will require improvements in

oaccordance with the criteria in Par. 4 2.3. The
11 m cots fr iprovmens tothepavements have

The thickness requirements obtained by the use of bnstimated an the resultt s ar e

both values in the CBR equation are shown in the be 4 a15.5.• [ [ {folL s ,on:Par. 4.,15. 5.
following tabulation:

The holding aprons at the primary takeoff thresh-
Ciilociiaolds of runways 28L and 28R conform to the

DC-8-55 B-2707 DC-8-55 B-2707 criteria of Par. 4.2.3. 3
C BR =15 23.5 25 21 22.5
.CBR 20 15 3.5 20 16. 5 8 Supplementary aprons are located west of the 281.Sa21. 0nd 28R thresholds. It Is doubtful that these

SThe B-2707, the critical airpkane, to considered aprons will be used by supersonic transports.
fully compatibl the itica l cal sections of Several of the holding aprons meet the depth18-in. pavement and with the 20-in. aspron pave- requirements of Par. 4.2.3. LUtilization of these
ments. The use of CBt 20 for the subgrade in- runway thresholds by significant numbers of

ment. Te ue o CB 20 or he ubgadeIn- deprting B-2707's Is considered unlikely. The U
"dicates an ample reserve of pavement thickness, ding apr onsate red unway. Tan_. -_. Iholding aprons at the threshold of ruawayto !R and

V4-B2707-1
• 211. 

3



19R are shallow for holding the B-zN.7. The terminals will be 270 degrees. The B-2707 can
possibility of expansion is limited by two major be readily accommodated at a minimum of 13
drainage canals by the Bayshore Freeway and by apron parking positions (Fig. 4-32). The most
San Francisco Bay. Since there appears to be convenient parking modes appear to be parallel
no practical solution for expansion, the con- and canted. Three positions would be simulta-

usion is that this apron will not be enlarged. neously available at pier G, which handles inter-
Modifications to pavement fillets at the holding national flights: one each at piers B and FF, and
aprons serving runways 10L and 28R are neces- two each at the remaining piers. The particular
sary to meet the maneuvering standards specifieu arrangements selected have been investigated for
for normal operation of the B-2707. Other than maneuvering convenience, availability of adjacent
the cost of these modifications, which have been gate positions, and adaptability to existing gate
included in the costs for fillet improvcmcnts, it arrangements and loading procedures.
has been concluded that there will be no costs
attributable to the B-2707 for holding apron Both second-level loading bridges and mobile
modification, ramps are employed by the airlines at San Fran-

cisco. The second-level devices include fixed-
A considerable amount of rigid-pavement inlay has bridge nose-loadern and swinging-telescoping
been placed in the terminal-area pavements at bridges. At piers B, C, and F, modification of
San Francisco. It is assumed that such pavements the existing swinging-telescoping bridges will be
will be required for the B-2707. Accordingly, a required to reach the B-2707 second-door sill
cost per gate position is estimated in Par. 4. 15.5 heights. For the B-2707 position at piers D, F.
on the basis given in Par. 4.2.3. FF, and G, the existing or planned nose-loaders

will have to be replaced by swinging-telescoping
4. 15.3 Evaluation of Structures type loaders. The cost has been estimated and
Available data indicate that all pipes and conduits the results art summarized in Par. 4.15.5.
beneath airfield pavements, including the battery
of culverts carrying the South Airport Canal Hydrant fueling systems have been installed at all
under the threshold of runway 1R, are within the piers except pier E. The system at pier D is no
range of acceptable conditions stated in longer in use, owing to a parking rearrangement.
Par. 4.2.3. For the purposes of this study, the systems at

piers B, C, Fr and G have been considered. TheO 4.15.4 Terminal Area Considerations existing laterals at piers B and C will accommo-
The San Francisco terminal area comprises two date the demand of 2,000 gpm at each fueling point
concourse-connected central terminal buildings for the positions shown, but new hydrants will
(Fig. 4-32). Three passenger-loading piers have to be provided. The planned revamping of

extend from each of the central terminal buildings the parking positions at pier D and the accompany-
onto the aircraft par.Lng apron. There are ing alterations to the fueling system are not con-
satellite buildings at the outer ends of piers B, sidered attributable to the costs of the B-2707.
G, and F; pier D is T-shaped; piers E and G are At pier F and pier FF. which are now under con-
linear. Pier F has a Y-shape, with satellites at struction, it has been assumed that new laterals
both extremities of the arms of the Y. The older and hydrants will be provided for the three B-2707

of these is designated pier F; the satellite now positions shown. Three oil companies serve the
under construction is designated pier FF. The positions at the International Building, pier G.
master plan for the terminal area includes a The existing 12-in. loop for one company is
th!'- central terminal building from the center located in such a manner that the three pooitions
of which will extend a Y-shaped pier (pier A) can be served with laterals stubbed off each side
having satellites at its extremities. %hen corn- of the loop. Three sets of B-2707 hydrants will
pleted, the arc enclosed by the interconnected be needed for •eh position.

I
U,-t!
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4.15.5 Estimated Costs * 6-in. rigid pavement with 8-in. bituminous
overlay -- remaining interior portion of run-
way 16-34

a. Lump Sum Items High Best . 64-n. rigid pavement with 6-in. crushed stone

Taxiway overlays at $540,000 0 base and 4-in. bituminous overlay -- runway
$1. 20 per sq yd 2-20

Modification to 20 The flexural s.trses induced by the DC-8-55 are
fillets nd 2 curved everywhere higrte thin those that would be in-
taxiways: duced by the B-I7 r17. The costs of any necessary

Full-strength pave- 61,000 $ 61,000 pavement tmprove:zients would thus not be attrn-
- ment at $12 pcr butable to the B-2Th 7.fl sq yd

Shoulder paverent 35,000 35,000 4.16.2 Requirements for New Pavements
The geometry of the pavement intersection fillets

Revisions to lights 24,000 24,000 was taken from detailed site plans made available
a nd signE - by the airpo-.t operator and verifieJ from an

Tots* Estimated Costs $660,000 $120,000 aerial photograph. Fifty-two fillets were studied,
five of which would require improvements. The

b. Unit Costs Per Gate general assumptions and criteria leading to the

Position standards adopted for the present evaluation may
be found in Par. 4. 2. 3.

Passenger loading $ 68,000
dev ices The specific assumptions made for the investi-
Fuel system 22,0C0 gation are as follows:

~odifications Existing 2-20 will almost certainly be decom-
Terminal apron 30,000 missioned prior to the introduction of the
inlays B-2707

S 41 TT The terminal apron depth is such that reia-
16SEAI TT -tively wide, sweeping turns may be made

from the entering taxiways without interfering

4. 16. 1 Evaluation of Pavements with parked aircraft

Ail pavements at this airpoit, with the exception * Several of the old runways may be used as
of certain pavements which will receive little or tax'ways
no usage by the B-2707 at maximum ramp weight,
are rigid or pavements with bituminous overlays The holding aprons at the runway 16 threshold and
on a rigid base (Fig. 4-33). A modulus of sub- the supplementary apron located approximately
grade react'on (k) of 300 was uted for the design 1700 ft from the threshold of runway 34 both con-
-ýf the rigid pavement, form to cr'teria outlined in Par. 4.2.3.

I The lvcatlns of the difterent pavement sections If the criteria of Par. 4.2.3 are observed, the
a re as follows: runway 34 holding apron will have to be widened.

0 12-in. rigid pavement -- 2500-ft length at The aeo'dred enlargement would be accomplished
each end of existing runway 16-34 and the by rep.actz- 25 ft of thc existing 50-ft-widethree holding aprons, 10000-ft length of shoulder with full-strength pavement. To maintaintemia apon the exltting 50-ft shoulder under conditions of
taxlway 6, and the southeast teB-2707 usage would otherwise require a fill
I VU-in. rigid pavement -- the majority of the approximately 40-ft high. The cost of this fill was
terminal area. taxi-,ka) 3. and 19W0 ft of not conside"red practical and the allocated cost Is
taxiway 6 base-- upon the more economical solution.

* S-in. rigid pavement with 5-in. bituminous
overlay -- remain!ng length of portion of

n-unwav 16-34

V4 -B2707 -1 2
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4. 16.3 Evaluations of Structures The airlines at Seattle employ both second-level
The southward extension of runway 16-34 required 1-cadtag devices and mobile ramps. The second-
the construction of a subway to carry South 188th level devices include swinging nose-loaders,
Street beneath the runway and its parallel taxiway. fixed-bridge nose-loaders, and swinging-

SThe subway is reinforced concrete, two-span, telescoping bridges.
S rigid frame with clear Interior spans of 33 ft,

6 in. Reinforced concrete struts spaced at 10 ft None of the current loading devices can be used
on centers in the subgrade brace the footings of for nose-in loading to both forward doors. Thef the exterior legs of the frame against the forces costs of a nose-loading device capable of two-door
of lateral earth pressure. The minimum depth loading have been estimated.
of cover above the top of the subway at the runwayU and taxiway crossings is about 8 ft. The structure From plans furnished by the Pcrt of Seattle Corn-
was designed for an airplane-imposed live loading mission, the existing apron supply-points have
of 600,000 lb. An analysis wa,; made of stresses been compared with the requirements of the super-
in the frame and its footings and of pressures on sonic transport. Underground hydrant fueling

UI the soil under its footings resulting from the facilities have been installed at concourse D, con-
passage of the B-2707 on the pavement above. All course C, and at the interior positions on the west
coaditions were found to be satisfactory. sld,. of concourse B. In order to servi-e the

proposed B-2707 positions at concourses B and D,
F Available data indicates that all pipes and conduits it w.'ll be necessary to provide new lateral lines to

beneath airfield pavements are within the range of the fueling points and new hydrants. Any future
conditions stated in Par. 4.2.3 and are compatible addition of a fueling system on concourse A would
with the B-2707. not be deemed chargeable to the B-2707. At con-

course C, each of the two B-2707 positions shown
4.16.4 Terminal Area Considerations would require a new lateral and two new hydrants.
The terminal area is based upon the central

-- terminal and finger pier concept. Present plan- 4.16.5 Estimated Costs
ning for the terminal calls for four concourses,
diverging at 90 degrees from each other at the a. Lump Sum Items
north and souCy ends of the mair building. Modification of 5 fillets:

Concourse B, after extending SSE from the cen- Full-strength pavement at $ 11,000
tral terminal for some di:ztance, bears 45 degrees $11 per sq yd
so that its outer face parallels the north-south Shoulder pavement 4,000
rnway. Concourse C when completed will be a eiorolgtansgs 400

mirror image of Concourse B if the existing Hevisiori o lights and signs 4,000
master plan remains u.nchanged. Studies were Widening of runway 34 holding
made of the four existing concourses, and it was apron:
determined that the BI-2707 could readily be
accommodated at each. Figure 4-34 shows eight Full-stre$gth pavement at 22,000
B-2707's at those gate positions where it isi easible for the airplane to be docked and Revisions to lights 2,000
maneuvered b'i conventional techniques. owing
to the unusually large apron space available in Total Estimated Costs S 43,000
the terminal area, It is feasible to park nost-in. b. Unit Cost Per Gate Position
The use of this parking mode minimizes the
B-2707 encroachment cn adjacent parking posi- Passenger loading devices S150.000
tions, which can be occupied by subsonic or
piston-engine air-planes. The parking positions Fuel smstem modifications 11.000

ihown on Fig. 4-34 have been investigated as to
maneuvering convenience, effects on the nvail-
ability of adjacent gate positions, and adaptability
to existing gate arrarmement, and loading

"U procedL res.
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3 S 4.17 DUILES INTERNATIONAL AIRPORT, 4.17.3 Evaluation o' Structures
* WASHINGTON, D.C. Available data indicates that all pipes and conduits

beneath airfield pavements are characterized by
4. 17. 1 Evaluations of Pavements the range of acceptable conditions stated in
All pavements at Dulles International Airport Par. 4.2.3.
shown in Fig. 4-35 are concrete. They are 4. 14
designed for aircraft of 500,000 lb gross weight 4.17.4 Terminal Area Considerationsdare 15-in, thick of taxiways, aprons, the The airport's method cf passenger loading, whichn o friica sections of runways, a rnd the central brings passengers to an airplane rather than the

100 it of the noncritical sections of runways. airplane to the terminal, utilizes the mobile

The outer 25-ft strips of the noncritical sections lounge, a system which is readily adaptable to the

* of the runways are 12-in. thick. Engineers of B-2707. Since the B-2707 does not have to
5 the Bureau of National Capital Airports recom- maneuver into normally constricted terminal

mend the use of a modulus of subgrade reaction areas, the only requirement for compatibility is
of k = 260 and maximum allowable flexural stress that the mobile loimge be able to mate with the air-
of 500 psi for the 15-in. thick pavements and plane. The mobile lounge will be able to reuch the
680 psi for the 12-in. thick pavements. The forward two doors with lounge modifications so
calculated stresses that would be induced by the minor, no costs are assessed against the B-2707
B-2707 are 65 percent and 60 percent, respec- for passenger loading devices.
tively, of the Pllowable for the 15-in. and 12-in.
pavements. The B-2707 will be compatible with The airplane parking aprons (Fig. 4-36) are served

those pavements, by a hydrant fueling system, with fuel supplied by
two 8-in., two 12-in., and one 14-in. header

17.2 Requirements for New Pavements mains. The pressures and pumping capacities of
A total of 134 fillets and 1 curved taxiway were the system have been found adequate for the

investigated, of which 17 fillets would require demands of the B-2707, but the hydrants and
impr .vements. The general assumptions and ltteral fuel pipes are not of sufficient size. The

criteria leading to the standards adopted for the cost of modification typical for the fueling layout

present evaluation may be found in Par. 4.2.3. is included in Par. 4.17.5. This cost will reflect
Costs of fillet improvements have been estimated, four hydrants ajid two lateral lines per gatej using current construztion costs, with results posit'on.
summarized in Par. 4.17.5. The specific
assumptions made for the investigztion of the 4. 17.5 Estimated Costs
fillets at Dulles are as follcws: a-•I a. Lump Sum Items .

a- Consecutive turns of 90 degrees between Modifications to 17 fillets:
parallel taxiways are rarely made.

b. Certain cross taxiways near the terminal $15 per sq ydL apron between parallel taxiways are intendied for
future terminal expansion and are rarely used. Shoulder pavement 45,000

fl c. It was assumed that taxiways to both ends Revisions to lights and signs 26,000
of runways LIR-19L and 1L-19R will be used. Total Estimated Costs $230,000

This conservative approach, which preserves b. Unit Costs Per Gate Positfon
flexibility in cperations, approAimately doubles

* the cost attributable to the B-2707 for fillet Fuel system modifications $ 16,000
modification. Both the holding apron servingI runway 19L and the apron serving runways IL and
30 are adequate by the criteria outlined in
Par. 4.2.3.

V4-B2707-1
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[3 5. 0 OPERATIONAL INTEGRATION PROGRAM

5.1 PROGRAM DEFINITION stantiated therein, considered and incorporatedE The objective of the operational integration requirements for operational Integration.
prora Istoassure, through appropriate events Sections 2. 0 through 4. 0 of this document cover

and actions, that the B-2707 will fit into the exis- the operational integration work to date, relative
ting worldwide and domestic air transportation to this design, on mission flexibility, environ-

* system. The program plan identifies tasks, ment integration, and airport suitability. These
* responsibilities, and schedules for the following: data on design and integration provide the baseline

upon which subsequent phases of system integra-
a. Timely development of operalional sup- tion may proceed. Refinements to system deflni-

potrequirements, equipments, facilities and tion will be made in Phase III to improve and
S porrocedures implement operational requirements as they

continue to be developed.
b. Demonstrations to verify airplane opera-

tional suitability Figure 5-2 shows the relationship of majoractivities of the B-2707 program. Operationalc. Timely training of personnel integration is that part of this program which

I sdeals with the operational characteristics of the
d. Required coordination activities, pridmr- system. Figure 5-3 shows the basic steps in the

with the airlines, airport operators, and FAA operational integration program. The B-2707
to implement the program design, which is configured to provide excellent

payload performance, provides a balance with the
To achieve operational integration, consideration necessary operational characteristics such as
must be given to all elements of the B-a2707 sys- pilot handling, airlines' operational and mainte-
tem (Fig. 5-1). The airplane elements displayed nance requirements and passenger comfort- but

the figure are reported in the documents of none of these at sacrifice of safety.
irplane Technical. Vol. 1i. The design, sub-
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Operational integration requires the combined those for abnormal and emergency situations.
effort of the airlines, airport operators, FAA, System Integration and Configuration Developm~ent
airframe and engine contractors, and other provides the bridge between integration require-
agencies. Within the company, operational monts and design. As part of their basic respon-
integration requires the coordinated activities hibility for system engineering configuration
of all groups of the engineering department. development, they will study the economic,

design, and system operational requirements.I
Deinition of operational requirementq., design Analyses are made to resolve conflicts between
and operational solutions and demonstration of several requirements and between any require-
compliance with the requirements is the basis for menta and design. Recommended solutions form
the programs discussed in following sections and the basis for management approval of require-
in the other plans shown on the matrix of Fig. 5-5. menta set forth for B-2707 design.
Essentially, operational integration encompasses
activities described in the many individual plans 5. 2. 1 Management ReviewsI
and in the statement of work. Where appropriate, A further means of control over the process of
these other plans are discussed in this document, operational integration is provided through
The Airport Suitabil ity-Ope rational Facilities Plan design reviews chaired. by engineering manage-
is included in its entirety. ment. These reviews consist of critical designI

reviews, mockup inspections, and hardware
5.2 MANAGEMENT APPROACH inspections. These reviews plus the processes of
The operational integration program will be con- configuration management (Configuration Manage-
ducted within the framework of the organization ment Plan, V5-B2707-l) and product assuranceI
structure described in Program Management. (Quality Assurance Program, V4-B2707-21)
V5-132707-8. Figure 5-4 identifies the basic orga- provide visibility and sta~uu for ascertaining that
nization responsibilities. The many facets of the operational, economic, and design requirements
operational integration program are assigned to, are accommodated in the design.I
and performed by, individual functional organiza-
tions as shown in F'ig. 5-5. In this manner, the 5.2.4 Coordinat~on

fopratoa inertor and deig and analysis 17111:twll hruh t orgLJL nizaiTTIl
are carried out concurrently. Each organization structure, provide the necessary coordination
will, as appropriate: (1) be responsible for re- interfaces with the FAA, airports, and airline

qureensdetermination, (2) provide technical operators (See Product Support Plan. V4-B32707-
fordemnsratonor eaureofintegration, and coordination will be maintained with associations,

(4) mntrdemonstration and assure compliance subcommittees, industry and other Governmental
wihrequirements. With important additional aece.T suecmoaiyweeapo

aciiisdiscussed below, the matrix (Fig. 5-5) priate between the B-2707 and existing Boeing
indcaes hemeans by which the elements of the subsonic jets and the 74*7 airplane, cognizant
pormwlbeexecuted, engineers from the SST program have been-

assigned specific coordination tasks.
5. 2.1OeainlIntegration Responsibil ity

Beas o h mportance of operational Integra- ~.2. 5 Status o h nerto
tinegierigmanagement has the primar-y Schedules and st~atu-tofth operational inerto

repniiiyfor this function as It has on all program will be mi:" and reported in
comrilairplane programs of the Boeing accordance with the procedure defined in the

Company. It Is assisted by System Integration Cost and Schedules Control Plan, V5-B2-i07-6.
and Configuration Development for coordination The Operational Integration Program Plan will be
and for Oities defined subsequently. updated on a six-months basis.I

3.2. 2Requirriner~ts 5.2". 6 Unique Responsibilities
Management approves the requirements, many of The project pilot plays a strong part throlughouv all
which are developed through the individual pla'ns phases of the integra-tion programr. He coordi--I
and aictivities. These requirements are docu- mites directly with FAA and airline pilots. He
Mented in tht Nlo~el Specification and Subs%-stem avssfoapitngstandpoint, prvdeeed-
Specificitions and other docume~ntation. These t.ick from flight simulator programs and tht flight 5
include normal operational requirements plus

* 224
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test program. Later, he will utilize developed To achieve mission flexibility, operationalprocedures to demonstrate satisfactory compli- analysis, wind tunnel programs and simulations
ancc with many of the requirements. will continue, operational procedures will be

I written, and the ground and flight tests programs
The B.-2707 air worthiness engineer, reporting to will be conducted to provide a significant valida-
the chief engineer. is charged with specific tasks: tion of the mission flexibility and suitability of
(1) to review the airplane design with respect to the B-2707.II air worthiness requirements, and (2) to assist
in the development of air worthiness requirements. 5. 3. 1. 1 Flight Operations Procedures (Manuals)

Flight operations procedures will be derived for
5. 2. 7 Demonstration of Operational Integration flight conditions and incorporated into a flight
Demonstration of compliance with the operational operations manual. An operational engineering
integration requirements will be accomplished by group will be activated during Phase MI to acccm-
one or more of the following means: plish this task. Action will be taken to coordinate

fl with FAA and the airlines to define flight stand-
"a. The outputs of the simulation program ards, margins, and specific detailed operational

will be used extensively to verify the technical requirements.
competence of many system elements as well as[ being used for establishing operational procedures. Also during Phase II, analyses of appropriate

S b. The analysis, design, and successful subsystems will be accomplished by design proj-
development tests of many elements will be the ects and the data thus derived will be used to
demonstration of operational suitability h develop flight operations, maintenance, and sup-

port procedures for the prototype airplane as
c. Some of the tests included in the 100- shown in Fig. 5-7. Tcst, analyses, and simula-

hour flight program will verify critical integration tion will be used to further aefine B-2707 flight
factors. characteristics and performance capabilities from

which operating procedures for the prototype air-
follow-on prototype flight programs will be used plane will be developed early in Phase E.
to establish-onperatiotelg proeduras wiol te B-27. Normal, abnormal, and emergency procedures
to establish operational procedures for the B- 2707. will be checked and validated using engineering

m tine. Phase IV and V certification aud produc- simulators, mockups, and ground test equipment
tion testing will give further satisfactory evidence as the required items become available. The
of an operationally suitable airplane. flight deck systems integration simulator (FDSIS)

will be the primary mean3 of validating opera-() Ltional procedures prior to first flight and for the
5. 3 OPERATIONAL AIRPLANE PROGRAM development of prctotýpe flight checklists.
The goal of the operational integration program
is to assure the timely, safe, and profitable During the 100-hour flight test program, suffi-
assimilation of the B-2707 airplane into the world cient test data will be acquired to refine flight
air transportation system and operating environ- operations manuals, instrument flight procedures.
meits. This will be accomplished by planning airport and community noise suppression, and

L and by using resources available to the company sonic boom overpressure reduction techniques.
internallv, within U.S. incustrm ana %ithin the Flight operations engineers will monitor proto-
FAA. Figure 5-"; sho% s the tasks and coordina- type flight test operations, define improved
tion required of ,hc contractor, the FAA., the operational procedures and become familiar %kithL airlines and the airport operators for achievement a!l aspcts of B-2707 operations.
of i:n operationally integrated B-2707.

During Phase IV, the activities relating to the
... 1 Mission Flexibilit refinement of operational procedures will be con-

Assurance of mission flexibility of the B-~707 tinued using the B-2707 flight simulAtor and flight
airrlane is one of the major goals of the opera- test program as a basis for the development of
. ional integration program. Definition of mission production aircraft operations manuals. The oper-
flexibilitv as interpreted by the company is sim- ational engineering grtop will coordinate price-
ply the continued safe and profitable commercial dural data with customer airlines and distribute
usage of the airxp'ane uithin normal and off- airlines' inputs to appropriate engineering and
design conditions and the safr usage of the ;i:r- flight test activitixe. In Phase V, flight cwvra-
plane within abnormal and emergency operations. !ions manuals for individual airlines will be issued.
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5. 3. 1. 2 Operational Data 4. Provide rate, hinge-moment authority
Operational data will be developed during Phase requirements for all primary and trim
III with which the procedures for normal, abnor- flight controls, and stability augmentation
mal, and emergency conditions will be prepared surfaces.
as described in Par. 5. 3. 1. 1. Abnormal and
emergency conditions to be considered include 5. Determine critical flight characteristIcs

off-design operations, midpoint emergencies and (including emergency conditions) and their

failures, three-engine ferry, all-weather landing, effects on other aspects of the total air-I and engine-out conditions. In addition, the con- plane performance.
siderations of pilot visibility, crew workload,
development of the minimum equipment list (MEL), Pilot Visibility - Pilot visibility continues to
and the duties of the project pilot are important require study, evaluation and collection of opera-

S factors in completing the operational data. tions data to assure mission flexibility. Contin-
Development of the operational data requires sup- ued development of visibility components will be
port from design, technical staff, and support accomplished during Phase III to refine the detail
groups. design and validate design changes if required.

Visual flight simulation will be validated for
Flight Characteristics - flight characteristics normal landings, nose down and emergency land-
data is generated through analysip and wind ings.f ~ tunnel testing for later use in simulation and sub-
sequent flight testing. These data consist of the In these tests, four or more speeds, foui. or more
the following: angles of attack, and true airplane dynamics will

be employed in all cases.
l a. Airplane Performance

. ADevelopment changes and refinements will be
1. Determine aerodynamic parameters and evaluated in the field of optical qualifiers for:

derivatives to substantiate performance (1) light transmission, (2) glare, (3) multiple
and stability levels of the airplane. reflections, and (4) distortion and deviation.

Existing optical studies mockup and facilities
2. Determine takeoff and landing perform- will be used as well as the Phase III lighted mock-

ance. up.1 3. Determine off-design and emergency Laboratory and flight tests will be continued
performance. during Phase RI with television systems to:

[j b. Stability, Control, and Handling Qualities a. Establish the phases of flight where tele-
vision will be worthwile.

1. Determine overall aerodvsamic stability
and control characterisics and handling b. Investigate the potential of time-sharing
qualities throughout flight profile, or integration with other instrumentation.

2. Conduct analyses and wind tunnel test to c. Evaluate special purpose cameras and
establish the static stability, dynamic filters to determine the best combinations to
stability, maneuvering stability, control cover the range of visibility conditions.
response characteristics and handling
qualities throughout the flight profile both During the visibility studies, procedures for use

for normal and reasonably probable emer- of available pilot visibility or acquisition of visi-
gency conditions. Flight characteristics bility will be developed. The method of procedur-
both with and without the stability augmen- al dev Aopment is as described in Par. 5.3. 1. 1.
tation system in operation will be included.

Crew Workload--Crew workload studies, analysis
3. Estimate the elastic airplane static and and testing will be expanded in the Phase III

maneuver stabilit, characteristics and B-2707 program to include effects of IFR opera-
control capabilities.

V4-B2707-1
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tions, specifically Category M1 Instrument Land- cable. The task analysis data will be updated by
ing and further examination of the followhig: the results of this program.

0 Cruise management of the inertial navigation Phase IV task and crew workload analysis effort
system will consist of making the final corrections to the

e Fuel management study and generatLig the procedures for the opera-
tional B-z707. Some final corrections to the

* Pressurization management analysis may come as a result of possible engi-

* Normal operations of flight controla and neering design changers; others, as a result of
changeG .a flight operations and procedures which

hydraulic power may be o-.Ade d•ring the flight test prugram.
0 Normal operation of wing sweep Again the procedural change will be as described

* Normal operations of engine inlet hydraulic in Par. 5.3.1.1.

system Minimum Equipment List (MEL)--Minlmum I
As these systems are further defined by engineer- equipment list revisions during Phase IMI will be
ing, additional tasks may be required to manage continued as significant data becomes available.

and operate them in flight and these will be incor- Design trade studies, safety analyses, mainte- I
porated into the task analysis. nance analyses, failure mode and effect analyses,

and fault tree analyses will be reviewed and all

In conjunction with the refinement of the normal changes will be evaluated for impact on the tenta-
operatioms, emergency procedures will be consid- tive MEL. Changes in the tentative MEL will be Iered and will include, but not be limited to: coordinated with and reviewed periodically withered a ithe project, concerned staff, and the pilots.

0• Pressurization failure Duilng flight test operations, the above groups
0 Air-conditioning pack failure will act in a review capacity and recommend
0 Autopilot failure modification o1 the tentative MEL. B-.2707 flight

test plan will be reviewed ior procedures appli-
0 Generator failure cable to validation and verification of the tentative

SInlet hydraulic failure in which manual opera- MEL. Applicable test results will be ana'l- ed by
ftlon of the system is requich a committee representing air-worthiness, system

o f s i usafety, reliabi.ty engineering, project and staff

0 Wing sweep failure units, and the project pilot. Modifications of the

0 Nose up or down failure tentative MEL will be based on the analysis of the
flight test results by the committee. I

Consideration will be given to using computer The tentative MEL will be transmitted to tieanalysis techniques as an aid in determining the

tasks involved in emergency operations as well as participating airlines for review and comment.
some ot the tasks involved in normal phases of Just prior to airplane certification, a review

meeting will be convened by the B-2707 air-
worthiness group, with the Flight Operations

Additional information on computer analysis Evaluation Board of the. FAA and the participating I
techniques is presented in Human Engineering airlines, to negotiate the MEL. Based upon the
Program, V4-B2707-8. results of this meeting, the FAA will publish a

final MEL for certification.

The tasks outlined in the task analysis will be
evaluated in Phase III by applying them in the The MEL activity during Phase V will be limited
training program to be conducted in the flight to a iollox-on effort. ECP's and production est
deck systems integrated simulator. The simula- data will be screened fcr possible impact on the
tor environment Is a step closer to actual test MEL. Recommended changes will be torwarded
flying aii, therefore, a higher degree of validity to the FAA for appropriate action.
can be imparted to the tasks which prove appli-

V4-B2707-1
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Project Pilot Responsibilities--Among the major One o1 the chief responsibilities of the project
responsibilities o1 the project pilot will be the pilot will be to execute appropriate parts of these
gathering and dissemination of flight operLtions programs. The integration demonstrations are
data. Other duties of the project pilot, flight subject to management surveillance for purposes
test pilots and engineers include the following: of verifying compliance as shown in Fig. 5-5.

a. Assist in the experimental design of
various simulation studies. 5.3.2 Environment Integration

The activities required to assure compatibility of
b. Participate in the simulation studies. the B-2707 with atmospheric environment and the

National Airspace System are described in the
c. Discuss systems operation with the proj- following sections. Supplementary descriptive

ect and staff groups. material may be found in other substantiating

d. Maintain liaison and communication with data as shown by Fig. 5-8.
FAA, Air Force, NASA, Navy, pilots and engi- Demonstration of environment integration will be
neers involved in high-speed airplane, and simu- a major objective of the Phase III and IV pro-
lator test programs. grans. The demonstrations will be accomplished

e. Maintain liaison and communication with during Phases mI and IV by analysis, simulation
airline technical pilots and engineers relative to tests, prototype airplane flight tests, and the
their needs and desires and new flight deck equip- production airplane certification program.
ment proposals. The demonstration of the B-2707 system elements

f. Continue to obtain, by direct contact, will verify that the airplane operates safely and
experience with present airline training and opera- satisfactorily in its atmospheric environment as
ting problems, specified in the model and subsystem specifica-

tions and operating manuals and is compatible
g. Promote and assist in the development of with the National Airspace System. The plan for

improved flight instrumentation and control equip- integrating the B-2707 airplane into its atmo-
ment with an overall objective of increased opera- spheric environment is shown in Pars. 5.3.2.1
tional safety. and 5.3.2.2. The integration program is not

limited to elements of environment discussed in
h. Participate in the industry and Government each section but is intended to indicate problemdiscussions relative to certification and operations approach and proposed solutions by the company.

rules and regulations. However, the items discussed for integration areSthose which are currently 0maorf ocr to the
i. Follow, by direct participation, the con- FAA and the company. major concern

tinuing development of the subsonic airline equip-
ment so that the B-2707 dovetails into an orderly 5.3.2.1 Atmosphere
progression of improvements. Particular empha-
sis is placed on the all-weather landing programs. a. Turbulence. Digital and analog computer

analysis also will be conducted during Phases III

j. Maintain liaison with international SST and IV to aid in establishing response characteris-
developments through pilots and engineering per- tics for both loads and ride qualities as discussed
sonnel. in Airframe Design Report, Part C, V2-B2707-7.

Existing programs dealing with turbulence will be5.3.1.3 Demonstration and Compliance monitored and results incorporated into the load
The management approach discussion stated that and ride qualities of the B-2707. The structural
compliance with integration requirements will integrity and airplane performance will be evalu-
be accomplished by .ne or more of several ated through the performance o1 specific tests,
means. The most demonstrable of these are through data gathered during the course of the
-simulation and flight tests. Elements of the overall test program and from in-service experi-
testing to verify operational integration are ence. In Phase Il, the prototype will be flown in
included in the Integrated Test Program, turbulence to a very limited extent during the
V4 -B2707 -11, the Flight Simulation Program, initial 100-hour test period. Emphasis during
V4-B2707-13, and the Flight Test Program, this puriod will be on performance, propulsion,
V4-B2707-14. and other necessary testing to the extent required

V4-B2707-1

243

I ___ ____ _____ ____



for demonstration of Mach 2.7 capability. The tain a close check of ozone effect on airplane
prototype will be extensively instrumented so that materials at all times.
data will be gathered at all times in anticipation
of unexpected enccinters with clear air turbu- The data collected during the Phase III and
lence. Phase IV test activities will be reflected in the

operating handbocks and training manuals. The
During Phase IV, cor"idence gained through demonstration that the B-2707 can successfully
demonstrated airplane handling qualities will operate in an ozone environment will be a contin-
permit deliberate seeking out of turbulence condi- uous process throughout the Phase HI and Phase
tions as part of the overall flight test program. IV testing.

During this period it is planned to conduct a corn- c. Radiation. Nonmetallic materials will be
parative test on ride qualties by simultaneously affected by solar ultraviolet radiation in the temp-
exposing the B-2707 and 707 to the same turbulence erature and pressure environment of the super-
environment. Also, dur.ing this period, measured sonic flight altitudes. During Phase III, tests
gust loads and accelerations will be gathered as simulating the ultraviolet radiation found at
part of the dynamic gust loads survey discussed 70, 000 ft will be conducted to evaluate the effect
in the Airframe Design Report, Part C, of ultraviolet radiation on the exterior airplane
V2-B2707-7. This testing will provide a high surface materials. Results of these tests will be
degree of confidence in the turbulence aspects of correlated with actual flight data obtained during
environmental integration. However, continued Phase IV and Phase V and evaluated for their irn-
flight testing during Phases IV and V on all aspects pact on airplane .3urface design, operating hand-
of the total flight program wlil provide additional books, and training rnaamals.
gust exposure in amounts normal to flight opera-
tional experience, which will contribute additional During severe solar flare events, radiation
confidence and data. These later phases also will levels at high cruise altitude may exceed tolerance
permit proving of advancements in ATC systems, levels for crew and passengers. Data from FAA
weather and turbulence forecasting, and possible sponsored flight tests will be used to aid in estab-
CAT detection systems. lishing detection requirements. Boeing will mon-

itor solar flare programs to develop operating
b. Ozone. The effect of ozone on the B-2707 procedures to contend with solar flare occur-

structure, and the establishment of safeguard rences.
measures and limits will be evaluated during lab-
oratory, ground and flight tests during Phase III. d. Particulate Matter. Available data on
Laboratory tests on materials selected for the aerosol particulate matter concentrations of
B-2707 will be conducted during Phase III to prove flight altitudes for supersonic aircraft indicate
their capability to withstand the concentrations of that no erosion or chemical attack to the surface
ozone expected in supersonic flight. These tests of the aircraft should occur from this source.
will proVide the confidence requirea to then expose To verify this conclusion, surfaces will be inspec-
the prototype airplane to the actual envir!-' ment. ted for evidence of surface degradation due to the

impact of particulate matter after each prototype
Ozone removal effectiveness of the environ- flight during Phase Ill.
mental control system will be evaluated in the
one-quarter system laboratory test facility. The The natural aerosol particles of the strato-
prototype will be instrumented to record the ozone sphere can collect radioactive debris released
levels and the length of exposure periods during into the atmosphere from nuclear explosions.
the 100-hour flight test. Throughout these tests, During Phase Ila flight tests, the cabin and air-
it is planned to demonstrate that the ozone level conditioning system will be monitored for radio-
on the B-2707 can be maintained below 0. 2 ppm. active particles to evaluate the inherent filtration
The ozone concentration withint the pressurized capabilities of the air-conditioning system.
area of the prototype will be measured to deter-
mine the effectiveness of the catalytic filtration of Exterior surfaces of the airplane will be mon-
the environmental control system. The ozone itored for radioactive contamination and will be
concentration in unpressurized compartments washed to decontaminate them as necessary.
such as the wheel well will be measu:-edto main-
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Particulate matter filters for the air-condition- capability to adopt time sharing data link. The
ing system will be developed during Phase I.M need tor If F communications will be reviewed
to protect the crew and passengers if required, with rospect to the proposed satellite communica-

tions and ocean based communications in view of
5.3.2.2 National Airspace Compatibility the fact that these systems will be operated on
The selection of the comnmunications and naviga- the United States to Hawaii/Alaska routes.
tion equipment will be evaluated for its respon-
siveness to present ATC requirements and for 5.3.3 Sonic Boom and Community Noise
its capability to meet future ATC requirements. The sonic boom and community noise studies and

analysis which were begun in detail in Phase 11 of
Compliance with present requirements will be the B-2707 program will be continued in Phase III.
demonstrated through laboratory, ground, and The program started in Phase II-C will be sub-
flight tests of the following equipment: stantially expanded with the addition of empir-

ical data from the XB-70 and other experimental
0 VHF communications high-speed flight programs, plur, measurements

taken when possible from B-2707 flight tests. In
* HF communications particular, the effect of maneuvers will be closely

examined and the company will work closely with
* ATC transponder NASA Langley on sonic boom studies. The sonic

boom characteristics program, discussed in
• Inertial navigation systems detail in V4-B2707-3, will be coordinated with the

mission profile, flight operations procedures and
* Automatic direction finder navigation techniques available with I-NAV sys-

tem to minimize the operational impact of sonic
* VORTAC boom.

* Instrument landing sy9tem Integration of the B-2707 airplane into the
"airport community" is also a determinate of the

* Weather radar mission flexibility of the airplane. Both the GE
and P&WA engines were studies during Phase 11.

* All-weather landing However, study, analysis and test of Phase mI on
airport and community noise will be limited to the

The design and performance of the communications source selection engine. Characteristics of noise
a..d navigation equipment will be verified during will be examined during takeoff, departure, land-
Phase HI. Bench tests will be conducted to verify ing approach, ground operations and maintenance
that the individual design and performance char- in conjunction with the flexibility in operating
acteristics meet their respective design require- procedures provided for the B-2707. Details of
ments. Integration tests will then be conducted to the community and airport noise problem are
verify that these subsystems will interface proper- discussed in the Airport and Community Noise
ly with ot,.-r comm/nav equipment with no electro- Program V4-B12707-4.
magnetic interference.

5.3.4 Safety
During the airplane ground tests, the communica- The superior safety attributes of the B-2707 air-
tion and navigation equipment will be tested to plane as described in System Safety Plan
assure that they can operate properly in the air- V4-B2707-6, are fundamentally dependent upon
plane environment. The equipment will then be three actions, particularly during Phase III.
flight tested and evaluated. The tests will be These are:
conducted using the operating handbooks thus,
guaranteeing that they can in fact be used in ser- a. The identification of hazards to which the
vice. airplane may be exposed.

During Phase IV and V, continued coordination b. The incorporation of d,.,sign features
with ATC will be maintained to evaluate new which eliminate or compensate for such hazards.
communication/navigation equipment require-
ments. VHF communication test procedures c. A broad program of design review and
will be modified with the advent of time shar- testing which verify that these hazards have been
ing data link to verify the VHF transceiver identified and rectified.
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Within the broad framework of the objective of the e. Determine the basic display and control
B-2707 safety program, provisions are made for characteristics required Lo define functional
elimination of all logical potential material and alternatives (individual, integrated or time-
human erTors which may produce injury or dam- shared displays and controls) and assist in accom-
age causing events. The safety objective will be plishing design approach trades based on frequency
realized when no item of safety is compromised of use, association of use, and convenience of
to achieve any other program objective in design, use; as well as weight, power, volume, and cnst
test or integration, data.

During Phase IV, changes in prototype design f. Provide human engineering criteria for
made to accomplish a production configuration detailed equipment design, workspace layouts,
will be evaluated using the same safety analysis procedures, and facilities associated with system
and review techniques established for earlier functions requiring human performance.
phases. Operational safety analyss will be g. Prepare and implement a Human 3
completed prior to airplane certification for EngLieering/Life Support Test and Evaluation
customer use. An expanded program of airline Program to assess human performance and man/
coordination will be accomplished during Phase IV equipment compatibility. The program will/to assure that no operating conditions or methods include mockup evaluations and participation in

peculiar to an airline usage will compromise air- planning and conducting man-in-the-loop simula-
plane safety. tion tests, as well as analyzing the results.

During Phase V, airline support plans will be h. Accomplish informal design reviews and -
implemented and operational data analysis per- participate in critical design reviews (CDR).
formed to determine possible safety improvements. i. Ensure human engineering review of
Proposed design changes will be reviewed for design changes through use of configuration
safety implications as proposed in previous phases. change board and drawing release systems.

j. Monitor, control, and specify require-
5.3. 5 Human Engineering merts for subcontractor human engineering
The work tasks and reporting to be accomplished mets for tracto an engiern
during Phase Ill prototype development are activity where there is a design commitment for

presented in detail in the Human Engineering equipment used by system personnel.
Program, V4-B2707-8. k. Use a corrective action system for

followup and resolution of human performance
Program activity is divided into three major areas: problems identified in hardware or design reviews.

v Analysis 1. Provide periodic progress reports of the
work accomplished. Revise and update the pro-

Design support gram plan as required.

* Test and evaluation
The Phase IV activity will essentially evaluate

Primary tasks defined for these areas are as changes in personnel activitie that result from
follows: the changeover to a productio, ,sign from that

of the prototype airplane. The human engineering
a. Participate in the systems analysis by task will verify compatibility of GSE with per- 3

accomplishing detailed task, timeline and work- sonnel, completeness of tas procedures, per-
load analyses of flight crew functions for both formance times, and skill requirements. Phase
normal and selected emergency operations. IV certification will also provide identification of

b. Review and provide inputs to the main- problem areas and a basis for corrective actiorn
tenance analysis (personnel tasks and task times). in the B-2707 production configuration.

c. Define human performance capability,
actions, and response times for the Lault-tree Phase V human engineering activities will be
analysis and the failure/error mode, effect, and limited to the review and investigation of reports
criticality analysis. of problems of full commercial operations.

Support will be provided to resoive personnel/
d. Determine detailed display and control equipment in-service problems which arise from

requirements for systems equipment. these operations. Special support will also be

S~V4-B2707-1
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E provided during Phase V when requested by the 5.4.2 Support Procedures
customer for modifications to the airplane to add During Phase III, B-2707 operations will be
equipment for provisions for passengers, crew or analyzed and ground support procedures will be
maintenance personnel, tested, validated, and refined during the ground
5 and flight test programs. Liaison will be main-R5. GROUND HANDLING AND SUPPORT tained with airlines and airport operators, and
To ensure proper integration of ground handling during Phases IV and V specific requirements ofTo esur proer nteratin o grund anding each airline customer and associated airportI and support requirements into the prototype and eato will be d nd te n ra orw

production airplane programs, an active product operator will be defined. The contractor will
supprt rogam wll e iitited oncrretlyassiet each customer and their respective

support program will be initiated concurrently servicing organization ', adapting support pro-with the design and manufacture of the B-2'707. cdrs eeoe nPaeII oterpcla
The varied elements of product support which cedures, developed in Phase 111, to their peculiar

contribute to the safe and economical operation requirements.
and maintenance of the B-2707 throughout its 5.4.3 Ground Support Equipment

I operational life are discussed fully in the Product Whenever possible, ground support equipment
Support Program, V4-B2707-20. Pertinent to (GSE) requirements will be satisfied by using
ground handling and support, the Product Support available contractor equipment or standard,
Program discusses the Airline Contact Plan, the qualified, commercial or Government GSE.I Ground Support Equipment Plan, the Training and Special GSE will be designed by the GSE engi-
Training Equipment Plan, the Data and Handbooks neering organization to satisfy requirements for
Plan, the Spares Support Plan, the Post-Delivery which standard GSE is unavailable. To ensure
Support Plan, and the manner in which these ele- that ground support equipment used during the
ments are functionally integrated. The areas of prototype development program is evaluated in
primary interest are the Ground Support Equip- the configuration to be used by airlines, continu-
ment Plan and the aspects of other Product ous configuration control will be maintained.I Support elements dealing with maintenance Special GSE will be developed concurrently with
planning. Scope of the activity is shown in the prototype airplane and integrated into the
Fig. 5-9. manufacturing and test programs to support the

prototype airplanes and check out design adequacy
and compatibility. Throughout the prototype

5.4. 1 Ground Handling and Support Requirements flight test program, ground handling and serviceFor Phase III, the Boeing ground support program operations and GSE will be evaluated in accor-

plan is to utilize airline type ground support equip- dance with formal test plans (Ref. Integrated Test
meat for all necessary prototype ground operations Program, V4-B2707-11) to ensure that operations
and maintens-rc renii,-e'nents as identifipA v- time objectives p-e f-ing met and that operational
requirementb .- ". The requirements analysis integrauon witi L sati-fatorily achieved.
initiated in the preliminary design phase to define
ground support requirements will be continuously 5.4.4 Airline Coordination
iterated throughout the Phase III, IV, and V pro- During all phases of development, the Company
gram to evaluate configuration refinements and to will establish and maintain effective liaison withS establish current airplane and engine ground the world's airlinE3 to support their planning for
handling, servicing, and maintenance require- B-2707 ground operations and to enlist their
ments. This analysis is conducted jointly by the guidance. Boeing will provide a Ground Support
design support and product support sections, who Equipment and Operational Facilities PlanningI work closely with the airplane design project, Guide, similar to those provided for subsonic
customer engineering, and systems test organiza- airplane programs. This document will reflect
tions to achieve prompt revision action in response Boeing's ground support experience with the
to changing requirements. B-2707 prototype airplane. Customers will also

be provided with the GSE Requirements Specifi-
Analysis and evaluation J4 OSE requiremt Ats .nJ cation, D6A10180-1 which includes identification
in-service use ."ill be continued tl'rougnouk thL anu technical data on all standard and special[ production program to supp-•. inod'f-cations o- GSE required for the B-2707. GSE performance
.ifferences in airline configurations. and to specifications and detail design drawings for

incorporaite Lvawice design special GSE will also be made available.
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5.4.5 Maintenance sequenced introduction to the world's airways and
Integration of the maintenance activities with the airports. The scope will be broadened to include
B-2707 prototype and production program in- airline maintenance, overhaul, training and other
volves determination of (1) maintenance require- support facilities, in addition to the airportE ments, (2) maintenance timing, and (3) mainte- facilities. These evaluations will form the techni-
nance procedures. Requirements and timing are cal basis for an economic analysis of investment
specified in the Maintenance Planning Data requirements by Government agencies and air-
document. Development of this document is dis- lines. In addition, the plan presents the methods
cussed in Sec. 7.0 (Post-Delivery Support Plan) to be used in allocating facility investment costs
of the Product Support Program, V4-B2707-20. among the new airplanes to determine Government I
Procedures are described in Sec. 5.0 of the and airline investment requirements.
same document. Figure 5-7 shows the overall
procedures program. During Phases III and IV, 5.5. 1.3 Approach
the prototype airplanes will be maintained basical- The integration process is primarily a continuous
ly in accordance with the preliminary maintenance evaluation process to:
plan, and the maintenance procedures identified in
the piototype Maintenance Manual will be verified, a. Determine the B-2707 requirements which
ihe maintenance manual will be updated for the are beyond the capability of airline and airport
production airplane program. During Phase IV, facilities projected to be available at the time of
discussions will be held with the airlines to formu- B-2707 introduction frito service.
iate a final airline maintenanev plan, which will be
presented by the airlines to the FAA Maintenance b. Provide the results of the evaluations to
Review Board for approval, the airplane design project for consideration of

design changes which will mitigate new
5.5 AIRPORT SUITABILITY- AIRLINE requirements.

FACILITIES c. Document and coordinate the remaining

5.5.1 Introduction requir 3ments with the Government agency or air-

Introduction of new airplanes into service on the line responsible for provisioning the facilities.

world's airways has historically necessitated d. Provide to the pro-visioning agency or
modifications to the operational facilities support- organization such additional data and engineering
ing these aircraft. Lack of an adequate assess- support as may be required to successfully
ment of new requirements and the requisite plan- implement remedial plauning.
ning has resulted in certain operational hardships
a3 well as crash construction programs to meet 5.5.2 Management Interfaces
the new needs. In order to preclude a recurrence The Airport Suitability - Airline Facility Program
of this and to assure the successful integration of management interfaces are shown on Fig. 5-10.
the B-2707 with the operational facilities, a suit- The SST program office of the FAA, will provide
ability evaluation program was initiated at the the basic guidance for the conduct of the program
outset of the SST development competition. as weli as evaluation of progress and contract
"ThLs evaluation has continued through Phase f1-C, performance. The individual airlines and the
and is limited to 15 domestic airports to evaluate airline supersonic transport committee provide
comparative impact of two competing designs. program UIrection and guidance through definition

of their respective requirements and evaluation
5.5.1.1 Objective of performance and progress. The airportS The objective of this plan is to present a compre- operators provide the airport data used in the
hensive course of action to assure the successful suitability evaluations. The results of these
integration of the B-2707 with the world's airports evaluations are then considered in the airport
and airline facilities which form a part of its master planning.
g The contractors management of the airport suit-
5.5.1.2 Scope ability program is an integral part of the total
The scope of the Phase II-C evaluation program program management, and consequently will use
will be expanded during Phase III and subsequent the same visibility and control techniques as
phases to include the time-phased acquisition of defined in Cost and Schedules Control Program,
the B-2707 by the world's major airlines and their V5-B2707-6.
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The program tasks and functions as described in Figure 5-12 is a schematic diagram, of the Aiu-
this plar will be carried out by the operational ,-llt Suitability - Airline Facillties Program. Itfacilities unit within the product support section shows tho- sequence of events leading to successful
of the engineering department. The distribution integration- of the 13--207 with its ope,'ational

of functions within this organization are shown on facilities environment.
Fig. 5-11. The total organizational tasks art.
separated according to functions related to: 5.5.3 , equlremens
(1) airport suitability. (2) planring, and (3) airline The suitability of a given airport is a function of
facilities. This organization is the focal point for the airport configuration and capability, and total
SST division coordination with the :irrport rcquireii-cxni imp,•ed on the airport. These
operators, requirements include airplane traffic volume,
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passenger volume, FAA requirements and recom- acceptable for projects of the Federal-aid Airport
mended criteria, and requirements imposed by program, the airport operators as the provisioning
airlines, airport operators, and local govern- agency have requirements regarding their facili-
ments. The type and configuration of airplanes ties which may be different from this criteria.
handled as well as the ground systems equipment This condition may arise as a .'esult of state or
are also part of the tota.' requirements. local construction requireme:its or some unique

constraints imposed by a paricular airport's
5..5. 3. 1 FAA Requirements location or mode of operation. This type of con-

There are those recommended standards and dition is most readily ý pparent with respect to
criteria related to facilities and airports which non-U. S. airports. In these cases it will be

are defined by the appropriate bureau and division necessary to evaluate local government regula-
within thc FAA. These criteria, as they affect tions as well as airport operator requirements.
pavement strength and geometry, clearances, Since most of today's airports are in a process of
safety, passenger and cargo/baggage handling, continuing modernization to meet current and
and other fixed and mobile facilities will be used anticipated traffic, the current capability and
as minimum standards to define the modifications projected plans are in a constant state of change.
necessary to support the B-2707. These criteria As a result, it is essential to include the projected
are presented in FAA publications, including the airport plans in the evaluation.
advisory circulars.

General requirements of the airport operators
5.5.3.2 Airport Operators Requirements will become apparent through the airport operator
While the FAA provides facility criteria which are council participation; however, the individual
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airport operators specific requirements will flow 5.5.4 Airport Selection[ to the contractor through direct contact at the The selection of airports to evaluate for suitability
time of data collection and evaluation report of B-2707 operations is important from the stand-
coordination, point of time phasing, and magnitude of effort. At

11the same time the coverage must be sufficiently
5.5.3.3 Airline Requirements broad to ensure an accurate estimate of economic
As operators, the airlines ultimately fiance investment requirements.
B-2707 induced airport modifications. Airlin-,
requirements will receive prime considevzt '. The selection criteria used to develop a list of
for this reason. These requirementb are stateu world airports to be evaluated is described in the
through the airlines SST committee as weli as following paragraphs.D individually. In addition to genera! requirements
which flov to the contratctr in the form of pro- The world's airports are classified as U. S. and
gram direction and guidan~e, other specific non-U. S. The criteria is somewhat different in
requirements will LU gene. ated by the airlines each case since 15 of the major domestic airportsO from an operations and facilities utllizat!on have already been selected. Grades of priority
standpoint. Spec~ic requirements will include were established, and each of the U. S. and non-
gate positioning passeng .r, laggage, and cargo U. S. airporns assigned to one grade. The prior-
handling, related paoscnger accommodations ity listing indicates the sequence in which the air-
within the terminal facility, aid operations at ports are planned to be evaluated.
maintenance bases and route sthtions.

First, a time-phased list of airline acquisition ofL 5.5.3.4 Local Goverumen; lRequirements the B-2707 was established. Next, based on the
Local government requirements are expected to individual airline route structure analysis, the
be generated from three basic areas. These are: most desirable routes with a minimum leg of
non-U. S. government air traffic and airport 1,000 nmi were selected. The airports thusU regulatory agencies, local government customs, listed, were cross checked and reordered, with
and local government construction regulations, respect to traffic volume and number of airlines
Requirements of these agencies are well known using the airport. To thi:3 list were added mainte-
to the local airport operator and operating air- nance and overhaul bases for the domestic airlinesD lines. To facilitate the evaluations, the company participating in the SST program, and prototype
will normally rely on the airport operator and test bases.
operating airline to define these requirements.

First-priority will be given to the 15 previously
5.5.3.5 Airplane Requirements selected U. S. airports and the five airports Wi the
To assure integration of the B-2707 with its ali - U. S. which are planned for use in the prototype
port facilities, it is necessary to evaluate the flight test program. Following these 20 airports,
airports as they are anticipated to be when the second-priority is given the top 20 listed non-U. S.
B-2707 enters service. As a result, it is airports. Third-.priority is given to the next group
necessary to take into account the requirements of U. S. and non-U. S. airports. These include
of current and proposed aircraft which will the domestic overhaul bases for the U. S. flag
precede it into s',rvlce. The characteristics and airlines. The priority three non-U. S. airport
requirements of these airplanes will be obtained list gives some consideration to obtaining a world-
from the appropriate organizations within the wide spread rather than concentration according
Commercial Airplane Division of the Boeing to traffic. Priority four contains additional U. S.
Company. This procedure will also ensure that and non-U. S. airports, which may be evaluated
B-2707 requirements are compatible with B-747 during Phase IV or V.
and other transports requirements to the extent
practicable. 5.5. 5 Data Acquisition

The task of gathering airport data follows the
The particular airplane characteristics to be. definition for requirements and airport selection.
evaluated will include its physical size, weight, The task of data collection requires the coopera-S landing gear characteristics, ground maneuvering tion of all participating and effected organizations.
capability, passenger baggage and cargo handling Sufficiently detailed data have never been centrally
attributes, mainterance and servicing require- collected. Collection of airport data is also
ments, as well as requirements associated with essential to the support of economic investmentL the ground handling and servicing equipment.
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analysis, airport and community noise evaluations well as the B-2707 for each of the selected air-
and airlines facility planning. ports and commercial airlines.

The prooedure to be followed in the acquisition of 5.5.6. 1 Airport Location and Siting
data will include the preparation of a standard Each ,irport will be evaluated to determine the
questionnaire to be sent to each of the airport portion of the facilities to be utilized for B-2707 B
operators and airlines selected for evaluation. ground operations. The geophysical location and

The qtuesionnaire will be followed by coordination general airport layout will have a direct bearing
with the selected airport or airline officeo as on such things as critical rvmway length, runway,
required to ensure complete data acquisition. taxiway and apron use, and ground handling flow II
rhe questionnaires will be sequenced in accor- of the airplpne between facilities.
dance with the airport and airline selection
sequence described in Par. 5.5.4. 1. Requisite 5.5.6.2 Airport Geometry fl
data to be collected -will include the following as Thin aspect of the airp'rt facAlities will be analyzed U
a minimum: for runway, taxiwp.y aid apron dimensions, ground

ma..euvtring space, and pavement slopes. The
9 Pavement and subgrade data capability of those elements will be analyzed I

Usand overasses against the airplane reulrements as dictated by:Underground structures aairplane coniguration, landing gear arrangement,

* Refueling facilities ground maneve-ig capability, and performance
tcapability for runway critical lengths at prescribed
gross weights under the particular geophysical

Runway length conditions of the dlesignated airports.
* Taxiway geometry (fillet size) I Q

geometry..5.3..1 Ztiength Analysis
* Passenger, cargo, baggage handling and The various airport pavements and substructures

servicing facilities will be analyzed for strength capability against the

Fire and rescue equipirent landi-ig gear arrangement and loads using methods m
acceptable to the aliport authorities.

e Engine blast protection
• Other maintenance, support, and operational 5.5. 6.4 Engine Effects
SOtheraintenawhnchaye, reupported operatioal Engine intake and exhaust clearances and blast

effects on fixed and mobile facilities will be de-SST operations fineu on te basis of engine inlet/exhaust temper-

In addition to these requirements, acquisition of ature, velocity, and acoustic contours. These

aerial photos for each airport is desirable. This
approach commends itself from the sttndlpcit of ground operations.

economy of manpower (drawings of the airport and 5 5 6. & Airdor'./Comy mlty Noise
terminal area ai a eliminated), aptness of data The airport and'comaunity noise levels asociated
piesentation, and In addition is essential for most with :anling, takeoff, ground mar-uver, and

airports in determining fillet radii requirements
since up-to-date drawings arc not always avail- engine runup must be within established limits.
able. These photographs will also serve the This pa-ticular clacteristic has bee' recognized
requirements of the airport and community noise as an extremely Important elereit of suitabiftv.
analysis. As such, It has been giver, special emphlsis in the

Airport and Community Noise P'ogram.

5. 5.6 Characteristics Evaluation V4-B2707-4. The results of the evaluatioias con-

The analysis effort leading to definition of B-2707 dunted under the noise program wtll be coordico

requirements will consist of a comprehensive nated with the airport operators in conjitction

evaluation of all aspects of interaction between with the results of the suitability evaluat•..s as

the airplane and ground facilities from airport described in this plan.
location and siting through airpo rt light ing. A 5 5 6 6 P s e g r a g g ,a d C r o H n l ndetailed description of items to be analyzed is 5.5.6.6 Passenger, Baggage, and Carp'., Handling [
lotatie andescritiong ofItems though air lgh din. AThe terminal fa'flities will be e.-aluated for
contained in subsequent paragraphs. These items handling capability. This will inclvd3 terminal -
will be evaluated for the com.,arison airplane as effects of the various docking posiions as we'l ab
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the quantity of passengers and commodities airport and airline requirements for new or
processed. This evaluation will be based on the modified facilities thus identified will be docu-
door locations in the B-2707 and the terminal mented for use in the integration functions
pessenger, baggage, and cargo handling described in subsequent sections of this plan.
equipment. 5.5.8 Evaluation Feedback

5.5.6.7 Airline Facilities After the B-2707 unique facility requirements

The service and maintenance facilities required have been identified they will be made available toO at maintenance bases and line stations as well as the design project. This feedback of requirements

training facilities will be analyzed. Servicing permits re-evaluations and changes of design,

facility requirements will be determined for the resulting in an optimized balance between the air-
airplane and ground support equipment. Airline plane and ground support facilities.

,naintenance overhaul, training, and support
facility requirements will be based on the air- 5.5.9 Cost Estimates
plane and ground support equipment character- Although investment costs are paid for over a

mI stics, and maintenance, and operational field period of years, and charged against all using
engineering requirements. Specific airline re- aircraft on one basis or another, the procedure to
quirements, with respect to inventory size and be followed will parallel the allocation of require-

mix, and mode of operation will also be included. ments. The first introduced airplane which
creates a new need will be allocated the total

L 5.5.6.8 Air Traffic Control Ground Support excess requirement and associated investmentFacilities costs. If an airplane creates a requirement on

This task will consist of a definition of require- being introduced into service, that requirement
ments of new or modified ground system installa- must be met and would exist if no new aircraft
tions to support items such as instrument landing were subsequently introduced. Based on this
systerms. Impact of national airspace compa~bil- rationale, investment costs of B-2707 peculiar
ity is discussed in Sec. 3.0 and Par. 5.3.2. requirements will be estimated and allocated toU either Government or airlines as appropriate.
5.5.6.9 Lighting, Fire, Safety The time phasing of these investments will be
*rhe airport lighting will be analyzed to ensure based on the sequenced introduction of the B-2707U that ramp illumination is satisfactory and that into service with the investment preceding the
light relocation requirements conform to pave- introduct~on by one year.
ment geometry modifications. Fire and safety
equipment requirements will be evaluated against The investment required by the airlines and the

- [1 airplane cnnfiguration and capacity. Government in any year is dependent on the num-

ber of airlines receiving their first delivery in
6. 5.7 Definition of B-2707 Requirements the subsequent year, their route structures, and

S Sipce the B-2707 will not enter service until the the number of airlin-a using a particular airport.
1974 tLne period it is necessary to identify the Since it is not possible to evaluate every potential
requirements of new airplanes which will precede B-2707 airport or opereting airline, it is
it into service. These new models will include necessary to extrapolate the results of these
the DC-8-60 series, B-747, and the British- definitive analyses to cover, the full spectrum of

S French supersonic Concorde. The current air- teporm hs neietrqieetSthe program. These investment requirements

port conflgura-.on as reflected in aerial photo- will be determined in suppct of the economic
graphs will be updated to indicate modifications analysis and annual report.

Included in the airport master plans. Based on Ithe resulting airport configuration, the require- 5.5.10 Documentation
ments engendered by each of the advanced air- The documentation which will be produced and/or

planes, will be identified. TIhose requirements updated during Phase IIl and used in subsequent

which are in excess of the requirements of any of coordination as the primary tools of assuring
the airplanes which precede the B-2707 into system integration Is shown on the document tree
service will be assessed against the B-2707. Fig. 5-13. These documents and their functionS faciitv investment cost will then be estimated, in the integration process are as follows:
This procedure will be followed for the airport
facilities as well as the airlimn facilities. The a. Airport Suitability - Airline Facilities

Plan. This plan defines th, taskh, methods.
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AIRLINE FACILITIES
PLAN

j /

IAAIRPORTSUITATIIIL-ITY

AIRPORT D6AI0311
SUITABILITY AIRPORT FACILITY AIRLINE
REPORTS-15 PAVEMENT INVESTMENT SUPPORT
DOMESTIC REQUJIREMENTS SECTION OF FACILITIES
AIRPORTS FOR THE B-2707 ECONOMIC REPORT EVALUATIONS

i[

SUITABILITY 06A1 01-1 WORLDWIDE
EVALUATIONS GROUND AIRPORT & AIRLINE
SELECTED OPERATIONS AIRLINE FACILITY
WORLDWIDE PLANNING FACILITIES PLANNING
AIRPORTS GUIDE DATA BANK GUIDE

FItvqe S-13. AIrW SuimoilIty-Airlines Facilities Document Tree

* tools, organization, and schedule necessary to e. Pavement Requirements Analysis. This
accomplish the program assuring the successful document presents an analysis of the airplane's
integration of the B-2707 with its ground opera- pavement requirements in accord with the cu~r-
tional facilities environment. rently accepted methods of analysis. It also in-

cludes the pavement design charts necessary to
b. Airport Suitability Reports - 15 Domestic determine thickness requirements to evaluate

Airports. These updated reports present the existing pavc uients.
results of the suitability evaluation of these air-
ports with the requirements of the B-2707. These f. Ground Operations Planning Guide. Thisreports are coordinated with the individual airport
operators for their planning use, evaluation, and document presents airplane data, requirements,commntsand criteria necessary to the planning of airports

for B-2707 operations. It is one of the funda-
c. Airport Suitability Summary Report. mental tools of the integralion process and fis

This report is transmitted to the FAA, the Air- transmitted to airport operators and airport
port Operators Council, and the Airlines Corr- designers for their planning and design II
mittee for their planning use and evaluations of information. U
program progress.

d. Suitability Evaluations - Selected World- g. Economic Report. The facility invest-
wide Airports. This documentation presents the ment section of this report is based on the technil-
results of the suitability evaluations with respect cal evaluation studies which are Included in other
to selected worldwide B-2707 airports other than documents on the tree. The investment costs are
the preselected 15 U. S. airports. These reports included in the Economic Report to the FAA for I
are coordinated with the individual airport oper- evaluation of the economic implications of theators for their pianning use. program.
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h. Airline Support Facilities Evaiuations. two prototype airplanes and the 100-hour flight
These evaluations of airline support facilities test program. Flight and ground test programs
present a definition of B-2707 facility require- will be monitored and performance standards, I
ments which must be satisfied for successful training requirements and training objectives will
Inftration. These documents are coordinated be refined. Appropriate changes in course con-
with the Individual appropriate airlines to assist tent will be incorporated as additional information
them in the pulanni and implementation necessary is obtained from flight test, ground test, and
to achleve operational compatibility, simulation programs.

I. Airline Facility Plannin Guide. This
document presents the B-2707 planning factors 5.6.1 Flight Crew and Operations Training
which must be included in the design of airline During Phase III, the flight crew training program -
maintenance, overhaul, training and support will be conducted for Company and FAA experi-
facilities. It is released to, and coordinated with mental test crews. A customer airline orientation
the airlines to support their B-2707 facility plan- program will also be developed. Training for

ning effort. It is essential to the planning effort backup crews and FAA personnel will be sched-
of those airlines not treated in the above evalua- uled during the six months preceding first flight.tions documents. The engineering fliht deck systems integrationsimulator (FDSIS) will be the primary training

J. Worldwide Airport and Airline Facility device used during Phase III for aircrew tra!ning.
Data Bank. Although not properly a document, FDSIS time will be allocated for orientation pro-
th. data bank is included on the document tree to grams for key airline personnel.
show that a depository is planned for the retention
and use of this information. During Phase IV, the initial Boeing instructor

pilots and flight engineers needed to support
5.5.11 Coordination customer requirements and backup tught test
Coordination of the results of these evaluations operations personnel will be trained. The pro-
with the FAA and appropriate elements of the gram to check out chief pilots and airline opera-
individual airlines and ai'omrt operators will be tional planning personnel will also be conducted
conducted on a continuing -ý -1A to ensure the during Phare IV. During Phase V, the training I
proper acquisition of appropriate evaluation data program vill be oriented toward the qualification
as well as to assure an appropriate level of and checkult of instructor crews for the airlines.
support in their planning and implementation Boeing will assist the airlines as required in
activities. developing their training programs for flight crew

and operatinr's personnel.

5.5.12 Schedules, Phase III
The schedule of events controlling the activities 5.6.2 Maintenance Training
defined in this program are shown on Figs. 5-14 Early in Phase III, maintenance training will be
and 5-15. initiated for Boeing personnel, FAA personnel

and .ther selected personnel who are concerned
5.6 TRAINiNG AND TRAINING EQUIPMENT wth, or who will perform maintenance, servicing, I

PiR OGRAM test, inspection, and troubleshooting in support of
The B-2707 training and training equipment pro- the B-2707 prototype, its subsystems and support
gram and its development are described in docu- equipment. Systems maintenance requirements
ment Training and Training Equipment Program. will be cstablibhed, and specialist courses will be
V4-B2707-7. As indicated in Fig. 5-16 Boeing conducted ac required. Claseroom instruction
will continue to coordinate with the FAA, airlines will be rupported by preliminary maintenance
and airport operators in the analyses of flight manuals, charts, graphics, course syllhbus and Icrew, maintenance personnel, and support student guides for classroom and laboratory tidin-

persoeno l tasks and functions. Training require- tag. A program of training evaluation, Including
ments will be established and the training pro- post-traininLg on-the-job performance evaluation,
gram will be developed in detail based upon a and training refinement will be maintained
torough analysis of B-2707 systems and the throughout Phase 11I.
identification of those task and functions requiring
new skills or knowledge. The initial training During Phase IV, data derived from the Phase aI nprograms will be designed to train company and evaluation program will be used to refine the
FAA personnel In support of the manufacture of training program. Refined courses for selected

i V4-B2707-1
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airline, FAA, and Boeing personnel such as 5.7 OPERATIONAL INTEGRATION PROGRAM
supervisory and planning personnel and produc- PHASING
tion maintenance personnel will be conducted Figure 5-17 is the schedule of events comprising
during Phase IV. Specific training requirements the company part of the operational integrationS for customer airlines will be determined, training program. Also shown is reference to the airl'ne
programs will be established and courses tailored committee activities, ICAO conferences, SAE
to airline's requirements will be developed. The committee on standardization, ARINC committee
airlines' training programs will be conducted and meetings, which will be supported and attended asS assistance in developing their training programs means of discerning and accommodating domestic
will be provided during Phase V. and international airlines' and airport operators'

operational requirements.

S 5.6.3 Support Personm il Training Necessary actions for FAA, airlines, and airport
Phase Ill orientation courses will be developed for operators, as shown on Fig. 5-18, are postulated
the training of personnel required to support to allow orderly progression of the program. The
B-2707 flight operations. Training courses will numerous and on-going coordinations with each of
be conducted for air traffic coDtrollers, crash these agencies are not shown. liaison with the
rescue personnel, and tower operators associated NASA and the Air Force are not specifically
with the facilities utilized in the test program. shown, but will occur at frequent intervals in

S Ground operations training programs will be order to keep abreast of pertinent programs
expanded during Phases IV and V to include (e.g., B-70). A group of 15 cognizant engineers,
courses for dispatchers, cabin attendants, per- for example, was identified in Phase II-C to
formance engineers, and airport operations coordinate with AFFTC on a regular basis. ThisL support personnel. will continue into succeeding phases.

L

\V4 -B2707-1



4-PHASEIIC - PHASE III

DEFINE TRANNDEVELOP DEVELOP TRAINTRAIN BACK-UP
DEFINETRAINING TDE GOP TRAIN FLIGHT AND FAA CREWS EVALU

CREW AND REQUIREMENTS TRAINING FOR TRAIEQ!IFMENT INGR T ANDNNG
BOEING GROUND AND AND AIDS FOR SUPPORT MAINTENANCE

SUPPORT OBJECTIVES TEST PROTOTYPE PERSONNEL FOR AND SUPPORTPRGRTASK PROGRAM TEST PROGRAM 100 FLIGHT TEST PERSONNEL

PROVIDE PRONLPRO VIDE
FPERSONNEL PERSONNEL FLIGHT AND

INFORMATION REURMNS PERSONNEL
F AA |AND TRAINING |TRAINING fjjSUPPORT

PROVIDE
PERSONNEL

AIRLINES AND TRAINING

INFORMATION

AIRFjR
OPERATION:

-9



PHASE IV ÷ PHASEV VI

I RAIN BOEING
DEVELOP iNSTRUCTOR, TRAIN

UATE REFINE FLIGHT SIMULATOR FLIGHT CREWS AIRLINE AND
NING TRAINING TRAINING AND GROUND AIRPORT

RAM PROGRAM EQUIPMENT SUPPORT 'ERSONNEL
AND TRAINING AIDS EQUIPMENT

___ __________

TRAINED
PERSONNEL
CERTIFIED

PFRSONNEL
TRAINING

IREQUIREMENTS PROViDE H TAN1.0

FLIGHT CREWS DEVELOP FLIGHTCRW
AN') GROUND TRAINING AND GROUND PERFORM

SUPPORT PROGRAM SUPPORT GROUND

KEY

OPQERATIONS FR FORM
KE NC. ,1 '.T GROiN C

W4SO'~ELOFERATiON4S

Fi'Vet 5-16. Ov~rotionato Inttqration -Tt0rainin Program Plan

-121 267

-- -



BOBII bWDEL 7707 SUPEMSIIC TRMSPOT
J O 0 JF 4A A SON A SO N D 3J A 1!J J A SO Nt) J F

START PIIASE U C "HAS, IGl CO-AREA

M•AJORm MILESI:.% SES i• l({

S' I tnM r I T H '. I S E I III `R IP .I W IND TUNt,
I I I RELEASE 1ST TEST & A

COMPLETE CONFIGURATION ISSUE OF QUALIFICATION DEVELOP

"FOR PHASE III PROPOSAL TEST STATUS ACFT CH

OPERATIONAL AIRPLANE I ICONDUCTA PH Al OCUMENT 1 CAPABFil

SCONDUCT PH III RELEASE NITIALT

TEST SCHEDULE FUNCTIONAL TEST-TEST FAAI
BOARC, MEETING REQ. DOUUMENT TYP

BOAR

START UPDATE HE LSTASK SIM

NAuE 'YI t! HE

MISSION FLEXIBILITY I OKLA H

ENVIRONMENT INTEGRATION

S• MONITORING SUPPL'ER FEL.IAIBý!.,,T

MAINTAINABILITY, RELIABILITY MONITORING S

Qt-ALITY ASSURANCE, VALUE ENG.. I . T T T_ l"-

Tr', & . ASSL'RANCE P? OGRA .US I Ak " P'
. RELIABILITY PLAN IVPLEYEhT kA!EP'A.

A' PROVEC BY FAA CthiTRCL P R0[R A

.,RSTG. B-OPT FIRST SYST - .

SUBVITTEE - .AFE"Y K. ",

I --

I . .IT . .... . : N

j .. ~.

[~~~~~~~ A I_________________

A1A1



1%I7 1968 1969 1970 1971

A %I J J A S ) D i F N A NI J J Is o N . I) J 1 IM A NI J A S f M A I J . I) f 1) j j

10$ I',(I' !iTItCT NlI C. ('.%I N .I ;S IIli II

WINO TUNNEL ( ;1IC'T0; m , w II irpvt l,.sr c5 v1 II,I ~~~ ~ ~ ~ ~ ~ N I. Ilt(P TUNE Ui I f, 1 .mr •,lvr,. 1mF. ~ •,l~

ASE IST TEST & ANAL j I . I I
OF QUALIFICATION DEVELOP START FLT TEST COMPLETE SUBMIT 1ST INTERIM TYPE I I ILL~ ~ &iP . . . PHASE I FTCERTIFICATION

STATUS ACFT CHAR. INSTRUMENTATION ON FLT & GND III FLT
MENT & CAPAB PROTO AIRPLANE SIMULATION TEST REPORT BOARD ONVE.NEL

11" I I I I I i I I I I I . I I t I ,

ELEASE INITIAL ' I COMPLETE MAINT. FLT. CLEARANCE PH FLT TEST AERO
UNCTIONALTEST.TEST FAA PRELIMINARY PARTIC. IN CDR I TESTINO CuMPLETE\AERO DATA DATA ANALYSIS;EQ. DOCUMENT TYPE CERTIFICATION COMPLETE IST AR ANA- P UMTA

& PERF. ANA RPT SUBMITTAL I
Il 'BARDE'ETS CME IRP'_ANF NSPECTION LYSISTRPTS ,

I COMPLENO OTO C L COPLTEEL
FLTDECK ,ETAILED HE LS ECOMPLET COMPLETELHETL

ASK .SIMU'LTOR i TASK & WORK- START HE LS TASK'& WORKLOAD FDSIS TASK & WORK- UPDATE FLT
SHECKOUTI LOAD ANALYSIS' i IN-FLIGHTVERIFICATION STUDIES LOAD STUDY OPERATIONS MANU

SATOPER. RELEASE FLT COMPLETE HE LS TASK
IIMANUAL I &OPERATIONS & WORK LOAD ANALYSIS

IIIPREPARATION MIAN UA LS

S COMPLETE DEVELOP TEST COMPLETE DEVELOP
INES ANALYSIS OF FILIER FOR RECORD RADIO- TURBULENCE TURBULENCE

ULATION 1 N TURBULENCE RAPIOACTI'E ACTIVITY 9 TURB- PENETRATION PENETRATI
EFFECTS ON B?' t,,TICLES LECECUNRO RPOTPROCLOURES"',. ....... ENCE ENCOUNTERED REPORTPR US

BEr-.IN MA!NT. PRO TOTYPE DEMONSTRATE NAT
DEMONSTRATION EMI COMPLIANCE EERG EI',AC- COM

, , . I UATION ANA

, . . . RELIABILITY CO'MPLETE FINL VIMPLE'ENT P

lABILITY Cý,P. ENGINER' ING I:PDATE VAINTAINABILITY SLUBSYSTEM PHASE III BI-MONTHLY SUBMIT FINAL / PLANS
G SUPPLIER RELIABILITY PREDICTIONS BASED ON TEST ANALYSIS RELIABILITY INPUTS MAINTAINABILITf /

TRAINING "V•CK,. .REVIEW &ANALYSIS C 3, Y.E.• TE TO PROGRESS REPORT PROGPESS RPT. ONITOR TESTS UP

AN h MPLE.ENT IVATE R7AL• C-VPLETE 2ND RE LIAB.L -" F1 INAL EL',. LP 1 rETE , P. ET. Y,•ý,T
.A.A C'TP" OG. AN.AL REL'BILITY c:'E,, PT F., 11LTAL TY F.PO' SFRE ,--7BL. ,

NAL'SIS , '..CNTRO.L *'- STAT.I"' S?:)V.A•.k 4 I.G 0 !IT

-Tr AY E~' ' -I.~T FIA -4

- AWFETY PLAN. I ,'T. _•ArET, •AF["ET . WC Cw,'LB:'.'TuSFETv :,,',TFM S~TYI
IIE'[".N : E1IEa ANA9 -' *.E *_ \ Z"L I,qJ SBVTA. V.h:' TEST P-%4":)

LI._, "l VISE. S±E' S..R'Sf •:i" ,.AFU,_ :• ,.:FE "TC AL VA p i

* .... E-A- l_ k'AY I ;/A~ .\ " I

: . . . . . ; l . .. .A. . . ... 1 T Ie$A F T YPLA E7T



1971 L4 172 1973 1974 1 1951

IF 9010 PROD).STRUCT- Ef

'dL NO. itnHOD. ROLLOI T l NOD. n PR t-ir FLT I FAA CEIRTCOMPL

YPE Ki START FAA
E.TION DEMONSTRATION DELIVER PROD.

)AAN I.D FLIGHTTFSTS B-2707 TO A!RLINES
1 1 T '7 I L - -

FLT TEST AERO ROUTESTRUCTURE ' COMPLETE AIRLINE
\DATA ANALYSIS ANALYSIS UPDATE COMPAT. TESTS

RPT SUBMITTAL I
IE VERIFY FLT & UPDATE FLT i

K- U PDATE'FLT OPERArIONAL & OPERATIONS D0FLIVER FLT&
OPERATIONS MANUALS PROC' JPRS MANUAL OPERATIONS MANUAL, i

APLE H LS TASK II
,ORK OAD ANALYSIS

TE DEVELOP RELEASE
.ENCE TURBULENdEl DOCUMENT
?ATION PENETRATION TURBULENCE

'PROCEDURES PENETRATION PROC.

060NSTIRAPTEC NATIONALAIRSPAcc
EMERG EVAC- COMPATIBILITY N

EMIONSTRATEPATI BNALAITY A~I'~- ~.I
UATION ANALYSIS Ii-! I l I I II

1IMPLEMENT PHASE IV IPLANS Ii

-ITY I
T. MONITOR TESTS. UPDATE PROGRANSN & REQ',N L"f- I I I- I ! ] t.
)N H0LY i

BLEM I
.ARYi

I I

SV(JN.TR TEST PROGRAMS. UPDATE SAFETY ANALYSIS & REPOR ,
i I I I 1 !III I l

I F kI A J I J A S 0 N iD j Y Y A M J J A S 0ODJ F IAA NIJ 3A S ( N 1) J F INI A N J J A 5 0 N D j F M A M J

Figw.r 5-17. B2707 Operational Integration Program Phasing

V4-132707-1 269
S(270 BLANK)



1965 15661%
( j BOEING MODEL 2707 SUPERSONIC TRANSPORT -J, SONDJ F M A M J J A S 0 - DV F M A I J J A I 0.-

ACOTIMPLEMENT SONIC SONIC BOOMAA
STARTCPHASEU CTPHPSE II GO-AHEA

BOOM ACTIVITIES PROG - UPDATE

PROG PH III SUBMI-1AL&RfT

,I1SONIC BOOM & 1.

CO TCOMMUNITY NOISEN ORP.&C

ACTIV. PROG. PH III ACTIV. OG.-S..... I 11111 Hi

UPDATE COMP. HE/UHE/LS TASK NOISE STUDIES
&WORKLOAD INTERIOR &
ANA Y IS EXTERIOR

HUMAN ENGINEERING- ...... ! • 'i

COMPLETE 1ST HE/LS
PROGRESS REPT INPUT R

COMP. REVIE
START SPARES POISOIN
RELEASE (PROTO)~ WITH AIRUNES

GROUND SUPPORT EQUIP. I I.i I I I I I v I - * .. IT.m
& SPARES I 4 T I IIfm

START FRlOD ACFT COMPLETE MAJOR
GSE REQUIREMENTS GSE HARK. -iE
ANALYSIS PROG. DEVELOPMENT

SCHE DULE S

I) COMP. DEVELOP.

R G

AS0NDJF --- -- iAM-----M

T 1AS0NDJ 4AM3J A R S P0NDJFMARES PROVSIAN5 0

REES POOCIHARN• --,



W'm - ...

HIP1 116 1969 1970 19711

'~O-AJIEAI) PASE V GO- AHEA -PROTO STRUCT RELT cOmpl Asic ! PROD. STRUCT RE

11 . ). I 'itOTO ROLLOUT IF NO. 1ý i V1 )01 IR FLT TFST COMPL

HI I ESTAB. OPER.
COMP. 1ST PH III PROCEDURES TO COMP. 6TH PH III

•IC SONIC BOOM ACTIVITIES PREDICT REDUCE SONiC S01;1;C. BOOM ACTIV. COMPLE

S PROG - UPDATE GROUND OVER- BOOM EFFECTS PhOG-UPDATE & SONIC B
SUBMITTAL & RPT PRESSURE (PRELIM) RPT. NOISE T

l-~•l l ,," I - -I1 - .I . i 1 . -IL

RPT & COMP. .IST PH ill PREDICT'TOISE ESTAB OPER COMP. 7TH PH III
ISE AIRPT.& COMM. NOISE LEV'LS PROCEDURES AIRPT. & COMM. NOISE

PH III ACTIV. PROG. & RPT. TO REDUCE NOISE ACTIV. PROC-UPDATE & RPT
I I I I I ILEVELS (PRE LM)I

COMP. HELS, I I I COMP HE/LS

ASK NOISE STUDIES COMP DE- COMP. HE 'LS COMP HE!LS j PARTICIPATION
OAD INTERIOR & GRADED MODE TASK & WORKLOAD SYST ANALYSIS IN FLT TEST
S EXTERIOR ANALYSIS ANALYSIS INTERIM RPT EVALUATION

"E ST HE/LS I COMP. HE!LS DETAILED COMP HE/S DETAILED TAR HE -'LS OOMPL. DETAILED
REPT INPUT RADIATION STUDY DISPLAY & CONTROL TASK & WORKLOAD HE/LS PH III

DESIGN APPROACH IN-FLIGHT VERI- SYST ANALYSIS
TRADE STUDIES FICATION I

DESIGN& RELEASE -- SPARES RELEASE IDEI N EL A EPROTO) I 1 1 AN & U P R

COMP. REVIEW FABRICATE SPECS FOR START FLT I I MAINT9 SUPPORT
ES PROVISIONING PLAN PECULIAR PRdCUdRE- TEST SUPPORT STARTSUPPORT PROCEDURES UPDATE MAINT

OTO) WITH AIRI I EQUIP MENT INVENTORY FLT TEST PROG. ANALYSIS & SUPPORT PROCEDU1+1 1 I T H_ I I , I, : i :
OMLT AJORL START MANT

OMPLETE MAJOR START MAINT. DEVELOP TEST GROUND TEST GRND COMPLETE DETERMINE 0EV
SE HARDWARE MANUAL PRE- MAINT & SUPPORT SUPPORT SUPPORT INITIAL EVAL AIRLINES SPECIAL AIR

EVL ETI PARATION PROCEDURES EQUIP & II II OF GSE REQ FOR GSE & S
C CHEDU LES PROCEDURES I & SPARES"" ' I I RELEASEI
COMP. DEVELOP. ANT MANUAL

PROGRAMMING SPECS. M A

M A &NJ AI) \ .1 I N1 A N1 I .1 A S (I N 1) .1 1 N1 A N1 J J A S 1 ) J1 F N1I A M J J1 A S N 1 ) J F %I A N1 J J A N 0 11 1) J

SII



1971 1972 1973 1914 197

D .3FMPd A Jd. 3A SO0N D J. FM A NIA Jd.3. A SO N D J FNPdA NI Jd. 3A SO0 N 0 J FNPdA M Pd J 3A S0 N D 4 f 'IP A !%I .

E PROCIEDUPRS TORTRDCT L [ i
COMPL 1o 1 'BD.1101) . 10 RLOTI No.. IPRlOD. Fits- FIT IFFA Cntr -fV~lP[.FTr

COMPLETE p

SONIC BOOM & DEVELOP NOIS
NOISE TEST ADATEMENT PRG

I i DEVELOP OPER
ISE PROCEDURES TO REDUCE

ET&RPT SONIC BOOM OVERPRESSURES

ILED

FABRICATE
PORT GROUND SUP EQUIP

UPDATE MAINT & SPARES FOR DELIVER
& SUPPORT PROCEDURES PROD. ACFT. GSE & SPARES

DETERMINE DEVELOP ! START DELIVERY OF DELIVER SPARES '
AIRL!NES SFECIAL AIRLINE GSE MAINT. PUBLICATIONS
REQ FOR GSE & SPARES LIST T
& SPARES Ii

-If

I 1' I I
iI

1) J F N1 A N1 J J A S 0 N 1) 3 7 Pd A W J J A 3 0 D J F" Wt A )11 3 J A 5 0 N 0 J F M A M . 3 A A (5 N 1) J I N1 A X1 J

Figure 5-17. (Continued)

V4-B2707-1 271(, 272 BLANK)



155 M6 1%7 M85
I0(11 NOOEL 27W RIPEflOII TRNISPWT

J A N0N D, J F"AI AS ND F J43o °A S0N J FM M A J4 3 A 8 0 b

- - I III M - -I -. COP R
START PHA.,[ TIC pl(ASEiI 'OAJILA'DII

MAJOR IIMNS 90 PR`0IT ILI o

ISý PH III
Al AP6Rt COMP GRNDI

UPDATE LIST SUITABILITY OPER. PLANNING
OF AIRPORTS DOCUMENT GUIDE UPDATE

AIRPORT SUITABILITY ..fI.'1 .Ht'I[i
CONT. AIRLINES UPDATE COMPLETE SELECTED SST TRAFF
OPERATIONS PAVEMENT INTERNATIONAL &f ACCUM. AN.
SIMULATION REQ DOMESTIC AIRPORT

ANALYSIS EVALUATION

TRAINING & TRAINING EQUIPMENT i TRAINI
EQUIP,
ACCES

LONG LEAD FACILITY FOR F
START TNG EQUIP & TNG &rTNG.SUPPORT AN D MA
MAINT & SUPPORT REQ ESTABLISHED TRAINI

TRAINING EQUIPMENT i ll-- 1 !11

COMPLETEE FLT SIMULATOR TNG EQUIP
UPDATE FLT SIM RFP RELEASED SPECS RE-
GEN ERAL REQ ' !EASED

SPECS

START START PROGRAM
THAINING REQ. INDOCTRINATION
ANALYSIS 1 TRAINING1I

PERSONNEL TRAINING •I r[tI

START GENERAL r 1 DEVELO
I FAMILIARIZATION TEST TR

I TP'RA!NING I
I I II

I.ltV .i COW-ITTEE PARTICIPATION WIT

COMMITTEE PAR TICIPATION I ti1[ I _i i

J A S 0 f) .1 F M-I A bi J J A S 0 S D . r 14 A M 4 . J A . X I) J I M4 A N12 J I A S 1



j sg1970 1971 1972 137

JASF IVGO'-Ahf:D HT PASE1 V GO-HA -- H1 11 !TVF

ECONOMIC , j COMPLTT PERFORM PASSENGER COMPLETE JEVER DOCUMENTEDI ,

I! COPLT CO I STAR PIIV IDEVILOP DOCUMNTIISULIIMPACT GROUNDPH III UPDATE AIRPORT & CARGO HA WIDUNG AIRPORT SUITABILITY AI!PORT SUIT. ANALYSIS i
ANLSIU.ITABILITV DOCUJMENT CAPABILITY ANALYSIS ANALYSIS REPORTt IIII*l*l .1.11II I 1!i I111. I l

CCOMPLETrE ~ COMPL. I I START PH IV DEVELOP ,OCUMENITRE*SULTS
LYSI YS GROUND OPERATIONS UPDATE IAPT SUITABILITY WORLD WIDE AIRPOlRT OF AP'T. SUIT.'AINALYSIS'

PLANNING GUIDE PAVEMENT ANALYSIS PAD DATA ACQUISITION

UPDATE I REQ ANALYSIS PROGRAM

G AIDS,
MANUALS & TRAINING AIDS,

RIES AVAILABLE EQUIP, MANUALS &

ILIARIZATION ACCESSORIES AVAILABLE TO DVLPDEVELOP TRAINING DELIVER CREW
INTENANCE START FLT CREW & FLT TRAINING EQUIP EQUIP REQ FOR TRAINING EQUIP

G I TEST OPER TRAINING FOR AIRLINES AIRLINES & TRAINING AIDS

START MODIF. TEST & DEVEL IDENTIFY AIRLINES DELIVER MAINT.

TEST & DEVELOPMENT SIMULATOR SPECIAL TRAINING TRAINING EQUIP &

SIMULATOR AVAILABLE FOR REQ. TRAIN; ,G AIDS

,II ! I I I FLT CREW TNG I

START DETAIL I111 I11
FAMILIARIZATION START FLT COMPLETE START TRAINING

& MAINT. SIMULATOR & TRAININGI FOR CHIEF PILOTS PUBLISH FLT TRAIN AIRLINE

TRAINING I FLTTRAINING PROG EVAL & AIRLINE INSTR TRAINING PROG. AIRCREW

P PROTO j START FLIGHT START BOEING START INDOC PUBLISH MAINTENANCE TRAIN AIRLINE

AININt PROG. CREW & FLT PILOT INSTR. i TRAINING PROGI TRAINING PROG. MAINT & SUPPORT

TEST OPERATIONS TRAINING i FOR AIRLINES PE' I
TRAINING I !S i ; KN '

HAIRLINE.: ARINC SAE. AIA. ICAD ETC.'!I I IT• 'I~l • "r •I"'

ii• iiI ETC H IUHHtr KI'
1 . M A M J A 5,! J f V A M A 0 S V Y M A N! J J A S 0 X 1 ) 1 I F X A M J J A S 0 X D J IF N A W J J A S 0

F i gue 5 - 1 7 . (C oc / 6 41

V4-B2707-1



371373173 1974 1975

O D J F X A N J J A 1 0 N D J r M A M J J A 5 0 E D J r N A M J J A S 0 N D J F M A M J J A 5 0 N D J F M A m

1 11Nl .I PD TII PDI FLT FAA MIT C[llll? l

PERFORM PASENGER COMPLETE DIN1 TEDCARGO HANDLING AIRPORiT SUITABILITY AIRPORT SUIT. ANALYSIS
CAPABILITY ANALYSIS ANALYSIS REPORT... *UU-UU-*U***.t U*I

START PH IV DEVELOP 909UMENT RESULTS
APT SUITABILITY WORLD WIDE AIRPORT IOF AT.SUIT. ANALYSIS'

ANALYSIS PAD DATA ACQUISITION
PROGRAM

DEVELOP TRAINING DELIVER CREW
G EQUIP EQUIP REQ FOR TRAINING EQUIP

INES AIRLINES & TRAINING AIDS -

ENTIFY AIRLINES DELIVER MAINT. I
"ECIAL TRAINING TRAINING EQUIP & 9
Q. TRAiNING AIDS

TE START TRAINING
FOR CHIEF PILOTS PUBLISH FLT TRAIN AIRLINE

VAL 9 AIRLINE INSTR I TRAINING PROG. AIRCREWS

STAR7 INDOC I PUBLISH MAINTENANCE TRAIN AIRLINE i
TRIIGDOITRAIlNG PROG. ILAINT 9, SUPPORT

FORA INES i PERSONNEL

UI.~m ii I

~II'! -tt4~-4 i - ,
t-t l • n TT t T t | -- T T T T T T t T. .

g 0 x V X A VI J jI A S A S V J F NA 143J 4 AS3 01 X r4 A )AN J4 A 50 K V JF MA X 4 A S 273 N I M

Figs.,,' 5-17. tConcludod)

V4-B2707-1 (2713
274 *ý_ANK

- __________________ __________



U

BOEING MOOEL V07 SUPERSONIC TRANSPORT Is 1 19a0J S N D0 FM XI J A l i'' ..... FMA,4JJA50NB
64AAT PHASE: IICIPAEIl OAH

UMAOR 
I EIT 

HASE In1 P,

OPERATIONAL INTEGRATION PLAN UPDATE .
BOEING Ill I III IIIII

(SEE FIGURE 5.7-1 FOR DETAIL)

PROVIDE CERTIFICATION

FLIGHT REQUIREMENTS
AND STANDARDS

FAA

RECEIVE COMPLETE

L; FIRST PHASE III MOOEL

SPECIFICATIONS

AIRLINES lI

SUBAIT UPDATE
AIRPORT PLANNING
DATA

AIRPORT OPERATORS

{~ Ti
It ! ]REQWý

fj ENGINE MANUFACTURER.
OTHER GOVERNMENT AAD
INDUSTRY AGENCIES

K I. !! i • •

i.ll •• I I

LLL
I A 1 0 D J F • A X I I A $ 0 Nw D i r X A W .J J A 1i 0 31 0}

At



B-2707 OP.RATIONAL PROGRAM PHASING INTERFACES

mu 1W M95 1910 1911
Nd A NJ J A 0 N D J F A AI J J A 8 0 \ 1) J F M A kI J JASON JI & .I J SA 0 , X I A &i N. I A I I F

I 1)F 11 ; F7 '%' AH( -I I-ý
'C~I'ttT MO TI I.C T I'ttf II~ I If I I lr

WLL.V ' VF"" FVF "" ...~sW.Z7I ,! :4 IT~ 4"T
TE I' I LIT

CERTIFICATION FAA PRELIMINARY PROVIDE AIRWAY 8BGIN PARTICIP
./ ~ ~TYPE CERTIFICATION CLEARANCE I I ' IiCRIICAIC"

PROVIDE PEkSONNEL 1
I FOR FLIGHT TEL-

II~iTRAINING
ECEIVE COMPLETE INPUTS TO PROTOTYPE ' rROVIDE REQUIREMENTS FURNISH ROUTEiRST PHASE III MODEL A P DESIGN REQUIREMENTS i FOR STANDARD AND STRUCTURESFK IAL EQUIPMENT REQUIREMENTS

i , i i I I ;,i ý-OVi(D E SPECIAL {)PER "
MATENANCE AND SUPPORT
PROCED'!RF REQUIREMENTS

SUBMITUPDATEI
AIRPORT PLANNING SUBMIT REQUIRFIENTS P
DAR TA PR iTN RE QUSONNIEL FOR SPECIAL AIRPC.T FDATRAiINING REQUIREMENTS SUPPORT PROCEDURES

SU8VIT X NCLR FINAL AIRPORT 
l RT FACIL-vC i ... GHT TEST FACILITIES PLANNING MODIFICATIONSI REQU!REI.ENTS DATA SUBMITTED I

E 6 N , - FE LR: FIt ST F1 _AT TEST
I CO{RDIPAATF F-' ,,' ~AN' rrý. E STATCS, 1NGINE ON*E.'Y IUSAGE AF'" i-• " [5' c"'l T RACTCW

A: • '; .• F' .... 'K E EARt' 2GA

i i ! t
I T:'

I A I A' '



1971 1972 1973 1914 1915

I NI A 1.!i J .3 A S 0 K D J3 1 It A )61 J3 J A S 0 N D) J3 I XI A XI J3 J A S 0 X U J F M. A NI J1 J A S 0 N D JJ It All A NI .

1FTTTITI IFTV FY"TFr
IF~ ' 111tF 'IT I,.V Nit3N Ti ~~'

NO~. I PROD!. ItOLL(A'TIF II~ .IPw .ms lTv I( I T

IUUAIINISSUED -PROCEDURES
IN CRIIAINPOIENSVALIDATED - ME!.

AET RGA AAPPROVED I

FURNISH ROUTE IMPLEMENT CO.
STRUCTURE PEr~jDNNEL TRAINING DEPLOY

REQUIREMENTS RESRMSi

L OPER. RECEIVE NO.1 I
0 SUPPORT i I PROOUCTCN GSE

UIREIAENT3 i iiI I I
NTS PROVD P ONk-L COMPLETE I

OTFOR SPECIAL B.-2707 FAI I I

IFSSUPPORT rRAINING I OOIFICfkTION

ISTART FACILITYIII I I
vI:DIFICATIONS I *~ Iii

"%ZCi~STRY INVUSl RY D E, f ER
DELIVERSTANDAR( iCTEQ1~N
EQUIPV[INT TO- TC AIRPCIRT !CERATIONi

Figure 5-18. B-2707 Ovorafonao1o Programw Phasing Int-locits



SREFERENCES
The following references are available at The Boeing Company, SST Division:

1. Hood, G. K., and R. Farrell, Evaluation of SST Visual Fields in Cruise on a Visual Flight Simu-
lator, D6A10252-1, The Boeing Company, July, 1966

2. Hood, G. K., and R. Farrell, Evaluation of B-2707 SST Visual Fields in Cruise and Landing on a
Visual Flight Simulator, D6A10252-2, The Boeing Company, July 1966

3. Larry, C., SST Vision Studies - Light Transmission, Reflection and Glare, D6A10254-1, The
Boeing Company, July 1966

4. Hood, G. K., Trade Study 33-7-1, Forebody Design, D6A10068-1, The Boeing Company,
November 1, 1965

SE 5. Hood, G. K., Trade Study 33-7-1, Firebody Design, Supplement 1, D6A10068-2, The Boeing

Company, August 1966

L 6 . System Functional Analysis - SST, D6A10246-1, The Boeing Company, August 8, 1966

7. Young, W. A., D. B. Shaw, and D. V. Bates, "Presence of Ozone in Aircraft Flying at 35,000
Feet," Aerospace Medicine, March 1962

8. Teweles, S., and R. M. Mclnturff, Physical and Synoptic Meteorolou in Relation to the Special
Requirements of Supersonic Aircraft perations, prepared for Executive Conammttee XVI, World
Meteorological Organization, Geneva, Switzerlan, May 10, 1966

9. Lagerwerff, J. M.., M.D., "Prolonged Ozone Inhalation and its Effects on Visual Parameters,"
Aerospace Medicine, Vol. 34, No. 6, pp. 479-486, June 1963

10. Olson, R. L., L. A. McKellar, and H. V. Stewart, The Effects of Ultra-violet Radiation on Low
s/e Surfaces, NASA SP-55, Proceeding of Svmposium on Thermn! Radiation of Solids, 1965
S11. mith, F. J., and R. L. Olson, Emissivity CoatNs for Low-Temn rature S ce Radiators,

NASA-CR-54870, Contract NAS-7630 Quarterly Progress Report No. 1, Septmber 1965

12. Valley, S. L., Handbook of Geophy)sics and Space Environments, McGraw-Hill, 1965, pp. 5-25

1.3. Ground Service Time and Motion '3tudies D6A10305-1, The Boeing Company (in preparation)

14. Airport Pavement Requirements for the Boeing Supersonic Transport, Model 2707, D6A10317-1,STe Boeing Company (in preparation)

15. Advisorv Circular 150/5335-1, Federal Aviation Agency

16. Item 1.3, Disribteton of Wheel L.oads I nrogh Earth Fills, Sid. Specs of AASHO. 8th Ed., 1961

II '

V4- P 27T -1

2 7n



LIST OF ABBREVIATIONS AND ACRONYMS

AASHO American Associatioa of State MEL Minimum Equipment Liat 3
Hihway Officials MMO Maximum operating mach number

A/C Aircraft m
A/C A icraf t NAS National Airspace System

F P Sonic boom overpressure, pounds per

ADI Attitude director indicator square foot

AFFTC Air Force Flight Test Center PNdb Perceived noise in decibels

AIDS Aircraft integrated data aystemn REM Roentgens per equivalent man

AOG Aircraft-on-tbe-ground RVR Runway visibility restriction

ARhINC Aeronautll Radio, Inc. SAE Society of Automotive Engineers

SAS Stability aug-mentation system aJ
ARTCC Air Route Traffic Control Center

SATCOM Satellite CommunicationsS•'C Air traffic control #

ATCRBS ATC radar beacon systm SEC Secondary emission conduction -

TAS True airspeed
CAS Calibrated air speed

CAT Clear air turbulence TMO Maximum operating temperature

CBR California Bearing Ratio UDE Derived gust velocity

CDR Critical design review VGH Defined in text
ir ae riV2  Airspeed at 35 foot height, during 35 L

foot height, during 3 engine takeoff

C L Lift coefficient
C W ing roefrience chordVB Speed for Maximum Intensity Gust L
CR Wing reference chord

RVC Cruising speed
PEP/APP Dcparture/approved VD Drive speed

DME Dis.ance measuring equipment

ESS) Environmental Sciences Services VI Critical ergine failure speed

Admin. VLOF Liftoff airspeed L
FAR Federal avlation regulation VMCA Minimum control speed - air

FDSIS Flight deck systems integration VMCG Minimum control speed - ground U
simulator VMD Maximum operating speed

HDI Horizontal deviation indicator Vý O Maximum operating airspeed

ICAO International Civil Aviation VOR VHF Omni-RangeOrganizations VOR/DME Visual Omni-Range'/distance

IFit histrument flight rules measuring equipment

ILS Instrument landing system VORTAC VHF Omni-Range, Tactical

I-NAV Inertial navigation VR Rotation airspeed

KI Knots, nautical miles/hour VS ¶all airspeed

LORAN Long-rznge navigation V - n Speed, load factor
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3 ADDENDUM

SUMMARY REPORT - 8 AUGUST 1966 ENGINE PERFORMANCE DATA

The foregoing document is based upon engine performance

data received prior to 15 July 1966.

Because there was insufficient time available to completely

revise the B-2707 performance after receiving the 8 August 1966 firm

"3 Itechnical engine data, the following summary is provided to show the

major effect of the firm data on the airplane performance shown in the5 Phase III proposal documents. Only the most important figures have

been provided herein.

if additional or supplemental data is needed, a request to

The Boeing Company, SST Division, will receive Immediate attention.
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I

SECTION 1.03 INTRODUCTIOt: AND SUMMARY

The Boeing SST Proposal is prepared on the basis of engine manufacturer
technical data received prior to July 15, '966. On August 8, 1966, firm
technical data was received from General Electric and Pratt & Whitney
Aircraft which differed in son-e respects from the data received prior to
July 15, 1966. The purpose :f this addiendum is to describe the significant
differences and to summarize effects on performance of the Boeing Model
2707 airplane.

U All information in the proposal is based on the July 15, 1966 engine data with
the exception of the Phase IM Proposal 8ummary, V1-B2707-1, Propulsion
Report - Part C, Engine Evaluation, V2-B2707-14, and this addendum. These
documents are based on engine data received from the engine manufacturers
as of August 8, 1966.

U 1.1 ENGINE DIFFERENCES

The General Electric GE4/J5P engine data received on August 8, 1966, pro-
vided lower airport and community noise levels for all engine operating con-
ditions. These lower noise levels were the result of redesign of the exhaust
nozzle and noise suppression data obtained from J-93 engine testing. Acoustic t
data provided by General Electric also indicated reduced turbine noise from
that being predicted by Boeing for the GE4!J5P engine. These changes pro-
vide significantly improved takeoff and approach noise for the B-2707 (GE).
An improvement in transonic thrust was also provided. Updated installed
engine weight, including optional equipment has resulted in a 112-lb weight

[) increase for the GE4/J5P engine installation. Engine changes have not affected
the installed pod configuration.

In the case of Pratt & Whitney Aircraft JTF17A-21B engine, a 2-percent

reduction in specific fruel consumption (SFC) at essentially all operating con-

ditions was the principal change. This improvement reduces B-2707 (P&WA)
fuel consumed over the design mission and lowers the reserve fuel require-
ments. Updated installed engine weight including optional equipment has
resulted in a 190-lb weight increase for the JTF17A-21B engine installation.
Engine changes have not affected the installed pod configuration.

aWU
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1.2 AIRPLANE PERFORMANCE
The major effects of these engine changes on airplane performance are

summarized in Table 1-A for the international B-2707 with a maximum
design taxi weight of 675, 000 lb and in Table 1-F for the domestic airplane
with a maximum design taxi weight of 575, 000 lb. The improved hot day
range capability and noise characteristics of the B-2707 (GE) are apparent,
as is the improved range capability of the B-2707 (P&WA). 3

2a

U

I3

| i |,

*1_ .



I

Table I-A. Performance -Changes Intemnationel Mission A

B-2707 (GE) B-2707 {P&WA)

Maximum Taxi Gross Weight = 675, 000 lb July 15, Aug. 8, July 15, Aug. 8,
1966 1966 1966 1966
Basis Basis Basis Basis

(Ope.rational Empty Weight lb 287,500 287,500 285,000 285,760

Range with 50, 000 lb Payload

4P max = 2.5 psf

Standard Day, n mi 1,819 3,819 3,738 3,808

Standard Day + 10 0 C, nmi 3,471 3,580 3,470 3,547

[ MMO Climb

Standard Day, nmi 3,950 3.928 3,882 3,970

LM = 0. 85 Cruise
SStandard Day, nmi 3,286 3,286 3,870 3,950

Takeoff Noise, PNdb

[JMaximum Augmented Thrust

Standard Airport Noise 121 117 117 117

Community Noise

cg at 0. 595 CR 100 96 105 105
cg at 0. 615 CR 99 95 104 104 '

Standard Airport Noise 121 117 117 117

Day 0Community Noise

L 15°C cg at 0.595 CR 105 102 110 110

Landing Approach Noise, PNdBf Standard Day

Landing Weight, lb 430,000 430,000 420,000 420,000
20 40 cg at 0.595 CR 112 105 115 115

Flaps eg at 0.615 CR 111 103 114 114

S 3001 50°U.l0,0 cg at 0.615 CR 113 107 116 116

Decelerating Approach 108 98 111 111

U3



Teait I-1. Perfonrnce Change. Domsntic Mission

Domestic D)mestic
B-2707 (GE) B-2707 (P&WA)

July 15, Aug. 8, July 15, Aug. 8, 0
Maximum Taxi Gross Weight = 575,000 lb 1966 1966 1966 1966

Basis Basis Basis Basis

Operational Empty Weight lb 275,500 275,500 273,000 273, 76;0

Range with 50, 000 lb Payload [I
AP = 2.0 pof Climb; 1.5 pef Cruise

Standard Day, nmi 2,450 2,465 2,442 2,493

Standard Day 4 10°C, nmi 2,295 2,368 2,268 2,307

M = 0. 85 Cruise

Standard Day, nmi 2,571 2,571 3,042 3,100

Takeoff Noise, PNdb Maximum Dry Thrust 807 Maximum
Aug. Thrust

Standard Airport Noise 117 115 114 114

SDay Communitv Noise

cg at 0.595 Cg 99 93 103 103
cg at 0.615 CR 98 92 102 102

Standard Airport Noise 116 114 114 114

Communit% Noise

15 C eg at 0.595 CR 107 99 108 108

Landing Approach Noise, PNdB

Standard Day[

Landing Weight. Il 410.000 410,000 400.000 400.000

20 040 eg at 0.595 Cli 112 104 115 115
Flaps cg at 0. 615 CR 110 102 114 114

0 o
30 50 cg at 0.615 CR 112 106 116 116Flaps

Decelerating Approach 10S 9, 111 111

4_



SECTION 2.0
ENGINE CHANGES

2.1 PERFORMANCE

2. 1. 1 General Electric GE4/J5P Engine
A 6-percent improvement in transonic thrust was provided as well as increased
transonic hot day thrust by means of higher engine rpm and increased airflow
for an incremental 50-lb weight increase. Figure 2-1 shows the change in 1
hot day transonic thrust for a 2. 5 PSF sonic boom overpressure climb path.
Reduced transonic inlet drag due to lower bypass airflow is also shown.

2.1.2 Pratt & Whitney Aircraft JTF17A-21B Engine
The two percent SFC reduction for the JTF17A-21B engine at all power
settings except idle power is listed in Table 2-A for important B-2707 oper-
ating points. This improvement is provided as a result of itcreased corn-
ponent efficiences demonstrated in primary burner, duct burner, and nozzle
component development programs.

2.2 INSTALLATION
Pod configuration and external contours for both engine installations are
unchanged. The final installed pod weights for both engines including added
weight for optional equipment are listed in Table 2-B.

2.3* NOISE

The noise characteristics of the JTF17A-21B remain unchanged from those
data presented in the body of the Boeing SST proposal. The remainder of the
discussion concerns the GE4/J5P engine.

2.3. 1 Engine Noise Characteristics GE4/J5P
( The engine noise characteristics of the GE4/J5P engine have been predicted

from the engine data and jet noise suppression as supplied by General
Electric. Additional engine noise suppression achieved through inlet choking
by use of the sonic throat principle as described in the Airport and Community
Noise Program report, V4-B2707-4, has also been included. The jet noise
suppression values used in the calculation of noise levels for the GE4, J5P t

engine are shown in Fig. 2-2. These values have been determined by General
Electric through acoustic tests that have been conducted on a J-93 engine.

5
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STable 2-A. JTF17A-21, Performance Summary

Power Pressure Mach Net July-1966 August-I 96-

Setting Altitude Temperature No Thrust SFC SFC
_._ft lb lb/hr/lb lb/hr/lh

Max
Augmented 0 Std 0 56,740 1.86 1.83

Max Non-
Augmented 0 Std 0 35,490 0.77 0.76

Max
Augmented -45,000 Std 1.2 19,630 1.94 1.90

Max
Augmented -15,000 Std + 10 C 1.2 18,140 2.00 1.96

Partial
SAugmented 65,000 Std 2.7 15,000 1.57 1.54

Partial
Augmented 65,000 Std + 10 C 2.61 15,000 1.66 1.63

Partial Non-
Augmented 36,150 Std 0.85 5,000 1.07 1.06

t Partial Non-J

Augmented 15,000 Std 0.5 5,000 1.10 1.08

!L



2. 3. 1 (Continued) 3
The unsup;,ressed noise- levels for the GE4/J5P engine for ground and flight
operations are shown in Figs. 2-3 and 2-4. Also shown In these figures are
the predicted noise levels with all suppression included. The effect of the
open-nozzle concept wherein the nozzle throat area is maintained on a maxi-
mum area schedule is included in the suppressed noise level predictions. The
predicted noise spectra for a series of engine operating conditions have also
been predicted and are presented in Table 2-C.

Noise levels beneath and to the side of the airplane flight path have been
determined from the revised noise data. These levels have been integrated
into contours of Perceived Noise Level for takeoff. These contours are shown
for the B-2707 (GE) international airplane in Fig. 4-12 and the B-2707 (GE)
domestic airplane in Fig. 4-14.

The landing noise characteristics of the D-2707 (GE) have changed signifi-
cantly due to the noise data presented on August 8, 1966. These data indicated
that turbine noise would not contribute significantly to the total noise from the
airplane even at landing approach power settings. Boeing I-ad been predicting
very oignificant noise increases due to turbine noise contribution. The pre-
dictions were based on the J-75 engine acoustic test results. Since the GE
data were obtained on an engine more closely resembling the SST turbojet
offering, these data should be more representative of the noisa characteristics
of the SST engine. Therefore the B-2707 landing noise levels have been 1
revised to conform to the August 8, 1966 data inputs. The results of these
revisions are shown in Figs. 4-17 and 4-18.
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9 Table 2-B. Installed Pod Weight

SB-2707 (GE) B-2707 (P&WA)

Engine weight 11,125 9,910

- Optional equipment 112 730

UTotal 11,237 10,640

Inlet 2,070 2,485

11 Cowl panels

[Forward 325 225

Aft 150 ---

Structure 495 480

, Miscellaneous 35 35

Total 14,312 13,865

L- .. _ .u__z.z__ ._

II F I -,

-i i~

I.-
> 4-"-
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SFigure 2-2. Predicted GE4/JSP Jet Noise Suppression
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SECTION 3. 0

AIRPLANE WEIGHT EFFECTS

The Airframe Design Report - Part A, Weight and Balance, gives an
Operating Empty Weight breakdown of the GE and P&WA powered airplanes.
Table 3-A lists these comparative weights as they are modified by the
August 8, 1 966 engine data and other related airplane changes.

The 760-lb weight change ih - P&WA powered airplane increases the
Manufacturer's Empty Weight, Operating Empty Weight and Zero Fuel
Weight of the following P&WA powered airplanes:

a. 635, 000-lb gross weight design point airplane

b. 675, 000-lb gross weight production international airplane

Ic. 635, 000-lb gross weight prototype airplane

d. 575, 000-lb gross weight production domestic airplane
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Nb

I:

TABLE 3-A I
OPERATING EMPTY WEIGHT

GROUP GE P&WA I
Engines 44,950 42,560 5
Nacelle 12,300 12,900

Horizontal Tail 20,400 20,460

Engine Accessories - ADS 1,100 1,160

Anti-Icing and Anti-Fogging 280 330

Starting System 400 430 C
Fuel System 7,400 7,510

Hydraulic System 3,600(1) 3,420
(1)

Body Structure 47,300 47,220

Other 149, 770 149[770

Operational Empty Weight 287,500 285,760
(Max. design taxi weight 675, 000 lb) C
Original Operating Empty Weight 287,500 285,000

Weight Change 0 +760 lb

(1)Includes effect of ram air turbine - B-2707 (GE) only U
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SECTION 4. 0

AIRPLANE PERFORMANCE

IThe effect of the changes in engine data on the standard day payload-range
capability are illustrated in Fig. 4-1 for the international B-2707 and
Fig. 4-2 for the domestic airplane. As noted, there is no significant effect
on the standard day range of the B-2707 (GE). The improved specific fuel
consumption of the Pratt & Whitney Aircraft engine results in slightly less
than 2 percent increase in range. The effect of temperature changes from
standard day on range are shown in Fig. 4-3 for the B-2707 (GE) and Fig.
4-4 for the B2707 (P&WA). There is no change for the B-2707 (P&WA) curve
since the effect of temperature on the engine data did not change.

Figures 4-5 and 4-6 show the off-loaded supersonic range capability and
corresponding transonic thrust margins for the airplanes. The range per-
formance with a mixed subsonic and supersonic mission is shown in Fig. 4-7.
Figures 4-8 and 4-9 show fuel, time, and distance breakdowns for a nominal,
standard day, intercontinental mission at a maximum sonic-boom overpressure
of 2. 5 psf for both airplanes.

Summaries of takeoff performance, using maximum augmented thrust, are
shown in Figs. 4-10 and 4-11. The significant change in takeoff performance

i is in the airport and community noise of the B-2707 (GE). The changes in
noise characteristics are shown in more detail by the noise contours around9 the airport in Figs. 4-12 through 4-15.

The noise data shown on the preceding curves are based on the engines as pro-
posed by the engine contractors with the use of a sonic throat in the inlet at
reduced powers. With the Boeing noise suppressor, the August 8, 1966
General Electric engine data have resulted in an additional 1 PNdb reduction
in the airplane's noise characteristics at maximum augmented thrust. Noise

_ -contours with the Boeing jet suppressor are compared in Fig. 4-16 for the
"B-2707 (GE).

- "The only change in landing performance for the airplanes caused by the
changed engine data is in the approach noise for the B-2707 (GE) as shown in

-- U Figs. 4-17 and 4-18. Figure 4-19 shows the B-2707 (P&W) landing performance.
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U

Max, Design
Tx Weiglt 6;75, 000 lb M= 2.7

O .W 287,500 lb ALT=&1,O 0 FT -- FT

Payload 50,000 lbWinkg Area 9: 9000 ft2 CLIMBx2. 0S DESCENT

Engie G f t2J APiAAX=2.S PSF
TSl il 65,00lbFul CRUISE rt IMB AMALT=6~F

Airflow 620 lb/sec 0 A. PX 1.66 PSF

Std Day, Zero Wind
Phase ill Rules0 0 0
Block Time - 3.290 hr
Block Fuel 292,181 lb Weight At

Fuel Fuel End of
Burned Remalnit., Operation Time Distance

(Ob) (Ob) (ib) (hr) (nmi)

1. Taxi-out 4,060 333,440 670i 940 0.167 -

2. Takeoff (Sea level to 35 ft) 4,150 329,290 666,790 0.010 -

3. '•cceleration to climb speed 4,790 324,500 662,000 0.024 5.0 4
4. 1. -parture air maneuver allowance

(250 kts EAS & 5, 000 ft) 4,000 320, 500 658, 000 0.0673

5. Acceleration and climb 811,400 238,800 576,600 0.411 337

6. Supersonic cruise climb 186,791 52,309 389,809 2.112 3271

7. & 8. Deceleration and descent
(cruise altitude to 1,500 ft) 2,330 49,979 387,479 0.333 206

9. Destination air maneuver
(Approach & Landing A!low-
ance, 250 kts EAS at 5,000 ft) 2,940 47,039 384,539 0.083 -
WT = WT at (8) = 5% block fuel

1 10. Taxi-in (1, 720)* 0.083 --

TOTAL MISSION 290,461 3.290 3819

A. -- • -rcpnt block fuel 14,609 369,930

B. Missed approac:h (climb
sea level to 1,500 ft) 2,510 367,420

C. Climb from 1,500 ft subsonic
cruise, descent to sea level 20, 070 347,350
at altn (300 st mi)

D, 20 rin hold at 15, 000 ft
over alternate 9,850 337,500

TOTA L RESERVES 4

1YOTAL FUEL 337.6 50.

* Fuel burned not included in mission fuel; for D.O.C. only

Figure 4-8 H-2707 (GE) International Supersonic Cru!se Mission
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I
Max M 2.7
Taxi Weight 675,000 lb ALI HA FT
IFw V85.7(60 lbCLM
PnilOmdf 50, 000 lb7 DECNLPmX -7 PSF ( D &
Wing Area 9, 000 q R £MAX CRUISE CLIMB SMAX
Engine PWAJTF17A-21B PSF 1.65 PSF
wit 687 lb/see

Std lIy, Zero Wind
Phase .1 Rules 0 (9
BlocNk Time 71. 400 hr
Block Fuel 297, 890 lb Weight At

Fuel luel End ol
Burned Remaining Operation Time DIs.•nce

(lb) (lb) (Ib) (hr) (nmi)

I . "a.:l-ont 2,880 336, 360 672, 120 0. 167 -

2. Takeoff (hea level to 35 ft) 4,385 331,975 667,735 0.010 -

:3. Acceleration to climb speed 4,880 327,095 662,855 0.043 10

4I. DeIatrture air maneuver allowance
(2•0 kts EAS & 5, 000 ft) 3, 160 323,93C, 659, 695 0.067

S5. Acceleration and climlb 95,400 228,535 504, 29! 0. 570 422

I Supersonic cruise climb 181,626 46,909 :182,669 2.051 3,180

7. & 8. Deceleration and descent
(cruise altitude to 1, :00 ft) 2,070 44,839 380,599 0.326 196

9. Destination air maneuver
(Approach & Landing Allow-
ance, 250 kts EAS at 5,000 ft) 2,234 42,605 378,365 0.083
WT-7 WT at (8) 5' block fuel V

f0. Taxi-in (1, 255)* 0.083 -

TOTAL MISSION 296, 635 3.400 3,808

Reserves

A. 5 percent block fuel 14,895 363,470

i:B. Missed approach (climb
sea level to 1,500 ft) 2,200 :161, 270

Climb from , 500 it subsonic
cruise, descend to sca level
it altn (300 st mi) 17, 670 343,600

D. 20 min hold at 15, 000 ft
over alternate 7 t.40 3.15,766

TOTA l, R ESEIIV ES 42 0

TOTAl FITEI :139,240

* Ilt'i l Imirnf d not ilchi(hl d in nmission fuel; for I). (. C. only

Figure 4-9 B-2707 (P&WA) International Supersonic Cruise Mission
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